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OPERATORS SAFETY SUMMARY 



The general safety information in this part of the summary is for both operating and servicing personnel. Specific warnings 
and cautions will be found throughout the manual where they apply and do not appear in this summary. 



Terms in This Manual 

CAUTION statements identify conditions or practices that 
could result in damage to the equipment or other property. 



WARNING statements identify conditions or practices that 
could result in personal injury or loss of life. 



Terms as Marked on Equipment 

CAUTION indicates a personal injury hazard not immedi- 
ately accessible as one reads the markings, or a hazard to 
property, including the equipment itself. 



Grounding the Product 

This product is grounded through the grounding conductor 
of the power cord. To avoid electrical shock, plug the power 
cord into a properly wired receptacle before connecting to 
the product input or output terminals. A protective ground 
connection by way of the grounding conductor in the power 
cord is essential for safe operation. 



Danger Arising From Loss of Ground 

Upon loss of the protective-ground connection, all accessi- 
ble conductive parts (including knobs and controls that may 
appear to be insulating) can render an electric shock. 



DANGER indicates a personal injury hazard immediately ac- 
cessible as one reads the marking. 



Symbols in This Manual 




This symbol indicates where applicable 
cautionary or other information is to be found. 
For maximum input voltage see Table 1-1. 



Use the Proper Power Cord 

Use only the power cord and connector specified for your 
product. 



Use only a power cord that is in good condition. 



For detailed information on power cords and connectors see 
Figure 2-1. 



Symbols As Marked on Equipment 



ff 



DANGER — High voltage. 




Protective ground (earth) terminal. 
ATTENTION — Refer to manual. 



Power Source 

This product is intended to operate from a power source 
that does not apply more than 250 volts rms between the 
supply conductors or between either supply conductor and 
ground. A protective ground connection by way of the 
grounding conductor in the power cord is essential for safe 
operation. 



Use the Proper Fuse 

To avoid fire hazard, use only a fuse of the correct type, 
voltage rating and current rating as specified in the parts list 
for your product. 



Do Not Operate in Explosive Atmospheres 

To avoid explosion, do not operate this product in an explo- 
sive atmosphere unless it has been specifically certified for 
such operation. 



Do Not Remove Covers or Panels 

To avoid personal injury, do not remove the product covers 
or panels. Do not operate the product without the covers 
and panels properly installed. 



iv 
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SERVICING SAFETY SUMMARY 

FOR QUALIFIED SERVICE PERSONNEL ONLY 

Refer also to the preceding Operators Safety Summary. 



Do Not Service Alone 

Do not perform internal service or adjustment of this prod- 
uct unless another person capable of rendering first aid and 
resuscitation is present. 



Use Care When Servicing With Power On 

Dangerous voltages exist at several points in this product. 
To avoid personal injury, do not touch exposed connections 
or components while power is on. 



Disconnect power before removing protective panels, sol- 
dering, or replacing components. 



Power Source 

This product is intended to operate from a power source 
that does not apply more than 250 volts rms between the 
supply conductors or between either supply conductor and 
ground. A protective ground connection by way of the 
grounding connector in the power cord is essential for safe 
operation. 



v 
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The 221 5A Oscilloscope. 
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Section 1 — 2215A Service 



SPECIFICATION 



INTRODUCTION 



The TEKTRONIX 221 5A Oscilloscope is a rugged, light- 
weight, dual-channel, 60-MHz instrument that features a 
bright, sharply defined trace on an 80- by 100-mm cathode- 
ray tube (crt). its vertical system provides calibrated deflec- 
tion factors from 2 mV per division to 5 V per division. 
Trigger circuits enable stable triggering over the full band- 
width of the vertical system. The horizontal system provides 
calibrated sweep speeds from 0.5 s per division to 50 ns per 
division along with delayed-sweep features. A XI 0 magnifier 
circuit extends the maximum sweep speed to 5 ns per divi- 
sion when the A and B SEC/DIV switch is set to 0.05 per 
division. 



ACCESSORIES 

The instrument is shipped with the following standard 
accessories: 

1 Operators Manual 

2 Probe packages 
1 Power Cord 



For part numbers and information about instrument ac- 
cessories, refer to the tabbed ‘ Accessories" part of the Re- 
placeable Mechanical Parts section in the back of this 
manual. 



The service manual and all other optional accessories are 
orderable from Tektronix, Inc. A local Tektronix Field Office, 
representative, or the Tektronix product catalog can provide 
ordering and product information. 



PERFORMANCE CONDITIONS 

The following electrical characteristics (Table 1-1) are 
valid for the 221 5 A when it has been adjusted at an ambient 
temperature between +20°C and -f 30°C, has had a warm- 
up period of at least 20 minutes, and is operating at an 
ambient temperature between 0°C and + 50°C (unless oth- 
erwise noted). 



Items listed in the “Performance Requirements" column 
are verifiable qualitative or quantitative limits, while items 
listed in the "Supplemental Information" column are either 
explanatory notes, calibration setup descriptions, perfor- 
mance characteristics for which no absolute limits are speci- 
fied, or characteristics that are impractical to check. 
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Table 1-1 

Electrical Characteristics 



Characteristics 


Performance Requirements 


Supplemental Information 


VERTICAL DEFLECTION SYSTEM 


Deflection Factor 
Range 


2 mV per division to 5 V per division 
in a 1 -2-5 sequence 


5 mV per division to 5 V per division 
gain is adjusted with VOLTS/DIV switch 
set to 10 mV per division. 

2 mV per division gain is adjusted 
with VOLTS/DIV switch set to 2 mV 
per division 


Accuracy 


±3% 




Range of VOLTS/DIV Variable Control 


Continuously variable between 
settings. Increases deflection factor 
by. at least 2.5 to 1. 




Step Response Rise Time 
Rise Time 

0°C to +35°C 

5 mV per Division to 5 V per 
Division 


5.8 ns or less. 3 


Rise time is calculated from the formula: 
0.35 


Bandwidth (-3 dB) 


0°C to -f 50°C 

2 mV per Division to 5 V per 
Division 


7.0 ns or less. 3 




Bandwidth (-3 dB) 

0°C to +35°C 

5 mV per Division to 5 V per 
Division 


Dc to at least 60 MHz. 


Measured with a vertically centered 
6-division reference signal from a 50 12 
source driving a 50 12 coaxial cable 
that is terminated in 50 12, both at 
the input connector and at the probe 
input, with the VOLTS/DIV Variable 
control in the CAL detent. 


2 mV per Division 


DC to at least 50 MHz. 


0°C to +50°C 

2 mV per Division to 5 V per 
Division 


Dc to at least 50 MHz. a 


AC Coupled Lower Limit 


10 Hz or less at -3 dB. a 




Bandwidth Limiter 


Upper limits (-3 dB) bandpass at 
10 MHz ±15%. 




Chop Mode Switching Rate 


500 kHz ± 30%. a 




Input Characteristics 
Resistance 


1 M12 ± 2%. a 




Capacitance 


20 pF ±2 pF. a 





a Performance Requirement not checked in Service Manual. 
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Table 1-1 (cont) 



Characteristics 


Performance Requirements 


Supplemental Information 


VERTICAL DEFLECTION SYSTEM (cont) 


Maximum Safe Input Voltage 
DC Coupled 


400 V (dc + peak ac) or 800 V ac p-p 
to 10 kHz or less. 3 


See Figure 1-1 for derating curve. 


AC Coupled 


400 V (dc + peak ac) or 800 V ac p-p 
to 10 kHz or less. 3 




Common-Mode Rejection Ratio 
(CMRR) 


At least 20 to 1 at 25 MHz, 


Checked at 1 0 mV per division for 
common-mode signals of 6 divisions or 
less with VOLTS/DIV Variable control 
adjusted for best CMRR at 50 kHz. 


Trace Shift with Attenuator Rotation 


0.75 division or less. 3 


VOLTS/DIV Variable control in CAL 
detent. 


Trace Shift as VOLTS/DIV 
Variable Control is Rotated 


1 .0 division or less. 3 




Trace Shift with Invert 


1 .5 division or less. 3 




Channel Isolation 


Greater than 100 to 1 at 25 MHz. 





TRIGGER SYSTEM 



A TRIGGER Sensitivity 

P-P AUTO and NORM/TV LINE 
Modes 

Internal 




External trigger signal from a 50 12 
source driving a 50 Q coaxial cable 
terminated in 50 12 at the input connector. 


5 MHz 


60 MHz 


0,3 div 


1 .0 div 


External 


40 mV 


150 mV 


Lowest Useable Frequency in P-P 
AUTO Mode 


20 Hz with 1 .0 division internal 
or 100 mV external. 3 


TV FIELD Mode 


1 .0 division of composite sync. 3 




B TRIGGER Sensitivity (Internal Only) 


10 MHz 


60 MHz 




0.4 div 


1 .5 div 


EXT INPUT 

Maximum Input Voltage /— A 


400 V (dc + peak ac) or 800 V ac p-p 
at 10 kHz or less. 3 


See Figure 1-1 for derating curve. 


Input Resistance 


1 MS] ± 2%. a 




Input Capacitance 


20 pF ± 2.5 pF. 3 




AC Coupled 


10 Hz or less at lower — 3 dB point. 3 





"Performance Requirement not checked in Service Manual. 
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Table 1-1 (cont) 



Characteristics 


Performance Requirements 


Supplemental Information 


TRIGGER SYSTEM (cont) 


LEVEL Control Range 
A TRIGGER (NORM) 
INT 


Can be set to any point of the trace 
that can be displayed. 3 




EXT, DC 


At least ± 1.6 V, 3.2 V p-p. 




EXT, DC -r 10 


At least ± 16 V, 32 V p-p. a 




B TRIGGER 
Internal 


Can be set to any point of the trace 
that can be displayed. 3 




VAR HOLDOFF Control 


Increases A Sweep holdoff time by at 
least a factor of 10. a 





HORIZONTAL DEFLECTION SYSTEM 



Sweep Rate 


0.5 s per division to 0.05 ms per 
division in a 1-2-5 sequence. XI 0 
magnifier extends maximum sweep 
speed to 5 ns per division. 




Accuracy 


Unmagnified 


Magnified 


Sweep accuracy applies over the 


+ 15 c C to +35°C 


±3% 


±4% 


center 8 divisions. Exclude the first 
25 ns of the sweep for magnified 
sweep speeds and anything beyond 
the 100th magnified division. 


0°C to +50°C 


± 4% a 


±5% a 


POSITION Control Range 


Start of sweep to 10th division in XI or 
100th divisions in XI 0 will position past 
the center vertical graticule line. 




Sweep Linearity 


±7%. 




Linearity measured over any 2 of the 
center 8 divisions. With magnifier in XI 0, 
exclude the first 25 ns and anything past 
the 100th division. 


Variable Control Range 


Continuously variable between 
calibrated settings. Extends the A and 
B sweep speeds by at least a factor of 
2.5. 




Delay Time 


Applies to 0.5 /us per division and 
slower. 


Delay time is functional but not calibrated 
at sweep settings above 0.5 ms per 
division. 


Dial Control Range 


<0.5 + 300 ns to >10 divisions. 




Jitter 


One part or less in 20,000 (0.005%) of 
the maximum available delay time. 





a Performance Requirement not checked in Service Manual. 
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Table 1-1 (cont) 



Characteristics 


Performance Requirements 


Supplemental Information 


1 


HORIZONTAL DEFLECTION SYSTEM (cont) 


Differential Time Measurement 
Accuracy 

+ 15°C to +35°C 


±1% + 0.015 major dial division 


Exclude delayed operation when A and B 
SEC/DI V knobs are locked together at 
any sweep speed or when a SEC/DI V 
switch is at 0.5 ns per division or faster. 
Accuracy applies over the B DELAY TIME 
POSITION control range. 


0°C to +50°C 


±2% + 0.01 5 major dial division 3 



X-Y OPERATION (XI MAGNIFICATION) 



Deflection Factors 


Same as Vertical Deflection System 
(with VOLTS/DIV Variable controls in 
CAL detent). 




Accuracy 




Measured with a dc-coupled, 5-division 


X-Axis 


±4%. 


reference signal. 


Y-Axis 


Same as Vertical Deflection System. 3 




Bandwidth (-3 dB) 


Dc to at least 2 MHz. 


Measured with a 5-division 
reference signal. 


X-Axis 


Y-Axis 


Same as Vertical Deflection System. 3 




Phase Difference Between X- and 
Y-Axis Amplifiers 


±3° from dc to 100 kHz. 3 


With dc-coupled inputs. 



PROBE ADJUST 



Output Voltage of PROBE ADJUST 


0.5 V ±5%. 




Jack 






Repetition Rate 


1 kHz ± 20%. a 





Z-AXIS INPUT 



Sensitivity 


5 V causes noticeable modulation. 


Useable frequency range is 




Positive-going input decreases 
intensity. 


dc to 10 MHz. 


Maximum Safe Input Voltage 


30 V (dc + peak ac) or 30 VC p-p ac at 
1 kHz or less. 3 




Input Resistance 


10 k!2 ±10%. 3 





POWER SOURCE 



Line Voltage Ranges 


90 V to 250 V. 3 




Line Frequency 


48 Hz to 440 Hz. 3 




Maximum Power Consumption 


40 W (70 VA). 3 




Line Fuse 


1.0 A, 250 V, slow-blow. 





CATHODE-RAY TUBE 



Display Area 


80 by 100 mm. 3 




Standard Phosphor 


P31. a 




Nominal Accelerating Voltage 


14 kV. a 




“Performance Requirement not checked in Service Manual. 
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Table 1-2 

Environmental Characteristics 


Characteristics 


Description 


Temperature 


NOTE 

The instrument meets the requirements of MIL-T-28800C, paragraphs 4.5.5. 1.3, 
4.5.5. 1.4, and 4.5.5. 1.2.2 for Type III, Class 5 equipment, except where other- 
wise noted. 


Operating 


0°C to +50°C (+32°F to +122°F). 


Nonoperating 


— 55°C to + 75°C (— 67°F to + 167°F). Tested to MIL-T-28800C paragraphs 
4.5.5. 1 .3 and 4.5.5. 1 .4, except in 4.5.5. 1 .3 steps 4 and 5 (0°C operating test) are 
performed ahead of step 2 (-55°C nonoperating test). Equipment shall remain 
off upon return to room ambient during step 6. Excessive condensation shall be 
removed before operating during step 7. 


Altitude 




Operating 


To 4,500 m (15,000 ft). Maximum operating temperature decreased 1 °C per 
1 ,000 ft above 5,000 ft. 


Nonoperating 


To 15,000 m (50,000 ft). 


Humidity (Operating and Nonoperating) 


5 cycles (120 hours) referenced to MIL-T-28800C paragraph 4. 5. 5. 1.2.2 for Type 
III, Class 5 instruments. Operating and non-operating at 95% +0% to -5% 
relative humidity. Operating at + 50°C and +30°C. Non-operating at +30°C to 
+ 60°C. 


Vibration (Operating) 


15 minutes along each of 3 major axes at a total displacement of 0.015 inch p-p 
(2.4 g’s at 55 Hz) with frequency varied from 10 Hz to 55 Hz to 10 Hz in 1 -minute 
sweeps. Hold for 10 minutes at 55 Hz in each of the 3 major axes. All major 
resonances must be above 55 Hz. 


Shock (Operating and Nonoperating) 


30 g’s, half-sine, 11 -ms duration, 3 shocks per axis each direction, for a total of 
18 shocks. 


EMI 


Meets radiated and conducted emission requirements per VDE 0871 Class B. 
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Specification — 2215A Service 



Characteristics 


Description 


Weight With Power Cord 




With Cover, Probes, and Pouch 


6.2 kg (13.7 lb). 


Without Cover, Probes, and Pouch 


5.2 kg (11.5 lb). 


Domestic Shipping Weight 


7.3 kg (16.0 lb). 


Height 




With Feet and Handles 


137 mm (5.4 in). 


Width 




With Handle 


360 mm (14.2 in). 


Without Handle 


327 mm (12.9 in). 


Depth 




With Front Cover 


445 mm (17.5 in). 


Without Front Cover 


440 mm (17.3 in). 


With Handle Extended 


511 mm (20.1 in). 




Figure 1-1. Maximum input voltage vs. frequency derating curve for CH 1 OR X, CH 2 OR Y, and EXT INPUT connectors. 
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Dimensions are in inches [mm] 

L J 4735-40 



Figure 1-2. Physical dimensions of the 2215A Oscilloscope. 



1-8 



http://manoman.sqhill.com 



Section 2 — 221 5A Service 



OPERATING INSTRUCTIONS 



PREPARATION FOR USE 



SAFETY 

Refer to the "Operators Safety Summary" at the front of 
this manual for power source, grounding, and other safety 
considerations pertaining to the use of the 221 5A. Before 
connecting the instrument to a power source, carefully read 
the following about line voltages, power cords, and fuses. 



LINE VOLTAGE 

The instrument is capable of continuous operation using 
input voltages that range from 90 V to 250 V nominal at 
frequencies from 48 Hz to 440 Hz. 



POWER CORD 

A detachable three-wire power cord with a three-contact 
plug is provided with each instrument to permit connection 
to both the power source and protective ground. The plug 
protective-ground contact connects (through the protective- 
ground conductor) to the accessible metal parts of the in- 
strument. For electrical-shock protection, insert this plug 
only into a power outlet that has a securely grounded pro- 
tective-ground contact. 



Instruments are shipped with the required power cord as 
ordered by the customer. Available power-cord information 
is illustrated in Figure 2-1, and part numbers are listed on 
the “Accessories” page at the back of this manual. Contact 
your Tektronix representative or local Tektronix Field Office 
for additional power-cord information. 



LINE FUSE 

The instrument fuse holder is located on the rear panel 
(see Figure 2-2) and contains the line fuse. The following 
procedure can be used to verify that the proper fuse is in- 
stalled or to install a replacement fuse. 



Plug 

Configuration 


Usage 


Line 

Vollage 


Reference 

Standards 


iS? 


North 

Amencan 

120V/ 

15A 


120V 


ANSI C73 11 
NEMA 5-15 P 
IEC 83 




Universal 
Euro 
240V/ 
10 16A 


240V 


CEE |7J.II,IV.VII 
IEC 83 




UK 

240V/ 

13A 


240V 


BS 1363 
IEC 83 




Australian 

240V/ 

1 0A 


240V 


AS Cl 12 




North 

American 

240V/ 

ISA 


240V 


ANSI C73 20 
NEMA 6 15 P 
IEC 83 




Switzerland 

220V/ 

10A 


220V 


SEV 


Abbreviations 

ANSI — American National Standards Institute 
AS — Standards Association of Australia 
BS — British Standards Institution 
CEE — International Commission on Rules for the 
Approval of Electrical Equipment 
IEC - International Electrotechnical Commission 
NEMA — National Electrical Manufacturer's Association 
SEV — Schweiievischer Elektrotechischer Vereiri C4732-02 



Figure 2-1. Optional power cords. 



1 . Unplug the power cord from the power-input source 
(if applicable). 



2. Press in and slightly rotate the fuse-holder cap coun- 
terclockwise to release it. 



3. Pull the cap (with the attached fuse inside) out of the 
fuse holder. 
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4. Verify proper fuse value (1.0 A, 250 V, slow blow). 

5. Reinstall the fuse (or replacement fuse) and the fuse- 
holder cap. 



INSTRUMENT COOLING 

Always maintain adequate instrument cooling. The venti- 
lation holes on both sides of the instrument cabinet and on 
the rear panel must remain free of obstruction. 



LINE 

FUSE 



rx 



T\ 



CAUTION 

FOR CONTINU'D FIR' PROTECTION 
REPLACE ONLY WITH SPECIFIED 
TYPE AND RATED FUSE DISCONNECT 
POWER INPUT BEFORE REPLACING FUSE } 



LINE VOLTAGE RANGE 


FUSE 250V 


90 250VAC 


IA SLOW 



00 NOT REMOVE 
COVER REFER 
SERVICING TD 
0UALIFIE0 
PERSONNEL 



PDWER 

MAX WATTS 4D 
MAX VA 70 
FRED 48 440 Mj 




CAUTION 

TD AVOID ELECTRIC 
SHOCK THE POWER 
CORO PROTECTIVE 
GROUNDING CONDUCTOR 
MUST BE CONNECTED 
* TD GRDUNO 

EXT l AXIS INPUT 
lOKR POSITIVE GOING 
INPUT DECREASES 
INTENSITY 

S VOLT P P CAUSES 
NOTICEABLE 
MODULATION AT 
NORMAL INTENSITY 
130V PEAK 




C4207-03 



Figure 2-2. Fuse holder and power cord connector 



CONTROLS, CONNECTORS, AND INDICATORS 



The following descriptions are intended to familiarize the 
operator with the location, operation, and function of the 
instrument s controls, connectors, and indicators. 



DISPLAY, POWER, AND PROBE ADJUST 

Refer to Figure 2-3 for location of items 1 through 8. 

l) Internal Graticule— Eliminates parallax viewing error 
between the trace and graticule lines. Rise-time ampli- 
tude and measurement points are indicated at the left 
edge of the graticule. 

POWER Switch — Turns instrument power on and off. 
Press in for ON; press again for OFF. 

Power Indicator — An LED that illuminates when the 
instrument is operating. 

FOCUS Control — Adjusts for optimum display 
definition. 




PROBE ADJUST Connector — Provides an approxi- 
mately 0.5 V, negative-going, square-wave voltage (at 
approximately 1 kHz) that permits an operator to 
compensate voltage probes and to check operation of 
the oscilloscope vertical system. It is not intended for 
verifying the accuracy of the vertical gain or time-base 
circuitry. 




BEAM FIND Switch — When held in, compresses the 
display to within the graticule area and provides a visi- 
ble viewing intensity to aid in locating off-screen 
displays. 




TRACE ROTATION Control— Screwdriver adjust- 
ment used to align the crt trace with the horizontal 
graticule lines. 




A and B INTENSITY Controls — Determines 
brightness of the A and B Sweep traces. 



the 
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Figure 2-3. Power and display controls and indicators and PROBE ADJUST output. 



VERTICAL 

Refer to Figure 2-4 for location of items 9 through 17. 

MM CH 1 VOLTS/DIV and CH 2 VOLTS/DIV Switches— 

Used to select the vertical deflection factor in a 1-2-5 
sequence. To obtain a calibrated deflection factor, the 
VOLTS/DIV variable control must be in the calibrated 
(CAL) detent (fully clockwise). 

IX — Indicates the deflection factor selected when us- 
ing either a IX probe or a coaxial cable. 

10X PROBE— Indicates the deflection factor selected 
when using a 10X probe. 






VOLTS/DIV Variable Controls — When rotated coun- 
terclockwise out of their calibrated detent positions, 
these controls provide continuously variable, 
uncalibrated deflection factors between the calibrated 
settings of the VOLTS/DIV switches. 




POSITION Controls — Used to vertically position the 
display on the crt. When the SEC/DIV switch is set to 
X-Y, the Channel 2 POSITION control moves the dis- 
play vertically (Y-axis), and the Horizontal POSITION 
control moves the display horizontally (X-axis). 




Figure 2-4. Vertical controls and connectors. 
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12 ) Input Coupling (AC-GND-DC) Switches — Three-po- 
^ sition switches that select the method of coupling the 
input signals to the instrument deflection system. 

AC — Input signal is capacitively coupled to the ver- 
tical amplifier The dc component of the input sig- 
nal is blocked. Low-frequency limit (-3 dB point) is 
approximately 10 Hz. 

GND — The input of the vertical amplifier is 
grounded to provide a zero (ground) reference-volt- 
age display (does not ground the input signal). This 
switch position allows precharging the input cou- 
pling capacitor. 



A Trigger system to approximately 10 MHz. Button 
must be pressed a second time to release it and 
regain full 60 MHz bandwidth operation. Provides a 
method for reducing interference from high- 
frequency signals when viewing low-frequency 
signals. 




INVERT Switch — Inverts the Channel 2 display when 
button is pressed in. Button must be pressed in a sec- 
ond time to release it and regain a noninverted 
display. 



® GND Connector — Provides direct connection to the 
instrument chassis ground. 



DC — All frequency components of the input signal 
are coupled to the vertical deflection systems. 

^ CH 1 OR X and CH 2 OR Y Input Connectors— 

Provide for application of external signals to the verti- 
cal deflection system or for an X-Y display. In the X-Y 
mode (SEC/DIV switch set to X-Y), the signal con- 
nected to the CH 1 OR X input connector provides 
horizontal deflection (X-axis) and the signal connected 
to the CH 2 OR Y input connector provides vertical 
deflection (Y-axis). 




SERIAL and Mod Slots — The SERIAL slot is im- 
printed with the instrument's serial number. The Mod 
slot contains the option number that is installed in the 
instrument. 



HORIZONTAL 




VERTICAL MODE Switches — Two three-position 
switches and one button switch are used to select the 
mode of operation for the vertical amplifier system. 



CH 1 — Selects only the Channel 1 input signal for 
display. 



Refer to Figure 2-5 for location of items 18 through 24. 




A and B SEC/DIV Switches — Used to select the 
sweep speeds for the A and B Sweep generators in a 
1-2-5 sequence. To obtain calibrated sweep speeds, 
the A and B SEC/DIV Variable control must be in the 
calibrated detent (fully clockwise). 



BOTH — Selects both Channel 1 and Channel 2 in- 
put signals for display. The CH 1-BOTH-CH 2 
switch must be in the BOTH position for either 
ADD, ALT, or CHOP operation. 

CH 2 — Selects only the Channel 2 input signal for 
display. 

ADD — Displays the algebraic sum of the Channel 1 
and Channel 2 input signals. 

ALT — Alternately displays Channel 1 and Channel 
2 input signals. The alternation occurs during re- 
trace at the end of each sweep. This mode is useful 
for viewing both input signals at sweep speeds 
from 0.05 ns per division to 0.2 ms per division. 

CHOP — The display switches between the Chan- 
nel 1 and Channel 2 input signals during the 
sweep. The switching rate is approximately 
500 kHz. This mode is useful for viewing both 
Channel 1 and Channel 2 input signals at sweep 
speeds from 0.5 ms per division to 0.5 ns per 
division. 

BW LIMIT — When pressed in, this button switch 
limits the bandwidth of the vertical amplifier and the 



A SEC/DIV — The calibrated sweep speed is 
shown between the two black lines on the clear 
plastic skirt. This switch also selects the delay time 
for delayed-sweep operation when used in con- 
junction with the B DELAY TIME POSITION 
control. 



B SEC/DIV — The B Sweep speed is set by pulling 
out the DLY'D SWEEP knob and rotating it clock- 
wise to a setting opposite the white line scribed on 
the knob. The B Sweep circuit is used only for 
delayed-sweep operation. 



M[n SEC/DIV Variable Control — Provides continuously 
variable, uncalibrated A Sweep speeds to at least 2.5 
times slower than the calibrated setting. It extends the 
slowest sweep speed to at least 1 .25 s per division. 



X10 Magnifier Switch — To increase displayed sweep 
speed by a factor of 10, pull out the SEC/DIV Variable 
knob. The fastest sweep speed can be extended to 
5 ns per division. Push in the SEC/DIV Variable knob 
to regain the XI sweep speed. 




POSITION Control — Horizontally positions both the A 
Sweep and the B Sweep displays and horizontally po- 
sitions X-axis in the X-Y mode. 
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Figure 2-5. Horizontal controls. 



(22) HORIZONTAL MODE Switch — Three-position switch 
determines the mode of operation for the horizontal 
deflection system. 



A — Horizontal deflection is provided by the A 
Sweep generator at a sweep speed determined by 
the A SEC/DIV switch setting. 



Sweep and the start of the B Sweep. Delay time is 
variable from 0.5 times to 10 times the A SEC/DIV 
switch setting. 



TRIGGER 



ALT — Alternates the horizontal displays between 
the A Sweep (with an intensified zone) and the B 
Delayed Sweep. The A Sweep speed is determined 
by the setting of the A SEC/DIV switch. The B 
Sweep speed and the length of the intensified zone 
on the A Sweep are both determined by the B 
SEC/DIV switch setting. 

B — Horizontal deflection is provided by the B 
Sweep generator at a sweep speed determined by 
the B SEC/DIV switch setting. The start of the B 
Sweep is delayed from the start of the A Sweep by 
a time determined by the settings of both the A 
SEC/DIV switch and the B DELAY TIME POSI- 
TION control. 

(23) A/B SWP SEP Control — Vertically positions the B 
Sweep trace with respect to the A Sweep trace when 
ALT HORIZONTAL MODE is selected. 

( 24 ) B DELAY TIME POSITION Control— Selects the 
amount of delay time between the start of the A 



Refer to Figure 2-6 for location of items 25 through 34. 

25J A TRIGGER Mode Switches — Three-section switch 
that determines the trigger mode for the A Sweep. 

SGL SWP RESET — Press in the spring-return but- 
ton momentarily to arm the A Trigger circuit for a 
single-sweep display. In this mode, the trigger sys- 
tem operates the same as NORM, except only one 
sweep is displayed for each trigger signal. Another 
sweep cannot be displayed until the SGL SWP 
RESET button is momentarily pressed in again to 
reset the A Trigger circuit. This mode is useful for 
displaying and photographing either nonrepetitive 
signals or signals that cause unstable conventional 
displays (e.g., signals that vary in amplitude, 
shape, or time). 

P-P AUTO-TV LINE — Permits triggering on wave- 
forms and division lines having repetition rates of 
at least 20 Hz. Sweep free-runs in the absence of 
an adequate trigger signal or when the repetition 
rate is below 20 Hz. The range of the A TRIGGER 
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IN — When button is pressed in, sweep is triggered 
from the negative-going slope of the trigger signal. 

^29) A SOURCE Switch — Determines the source of the 
trigger signal that is coupled to the input of the A Trig- 
ger circuit. 

INT — Permits triggering on signals that are applied 
to the CH 1 OR X and CH 2 OR Y input connec- 
tors. The source of the internal signal is selected by 
the A & B INT switch. 



LINE — The power-source waveform is the source 
of the trigger signal. This trigger source is useful 
when vertical input signals are time related (multi- 
ple or submultiple) to the frequency of the power- 
input source voltage. 

EXT — Permits triggering on signals applied to the 
EXT INPUT connector. 

3QJ A&B INT Switch — Selects the source of the internal 
triggering signal when the A SOURCE switch is set to 
INT. 

CH 1 — The signal applied to the CH 1 OR X input 
connector is the source of the trigger signal. 



Figure 2-6. Trigger controls, connector, and Indicator. 

LEVEL control is restricted to the peak-to-peak 
range of the trigger signal. 



VERT MODE — The internal trigger source is deter- 
mined by the signals selected for display by the 
VERTICAL MODE switches. See Table 2-1 for 
VERT MODE trigger source. 



NORM — Sweep is initiated when an adequate trig- 
ger signal is applied. In the absence of a trigger 
signal, no baseline trace will be present. 



Table 2-1 

VERT MODE Trigger Source 



TV FIELD— Press in both P-P AUTO and NORM 
buttons. Permits triggering on television field sig- 
nals. TRIGGER LEVEL control should be rotated 
fully counterclockwise when triggering on TV sig- 
nals with negative going sync and clockwise for 
positive going sync. 



U?6) TRIG’D-READY Indicator — LED illuminates when ei- 
ther P-P AUTO or NORM Trigger Mode is selected 
and the A Sweep has been triggered (TRIG’D). 
In single-sweep display, the LED illuminates to indi- 
cate that the A Trigger circuit is armed (READY). 




A TRIGGER LEVEL Control — Selects the amplitude 
point on the trigger signal at which the sweep is 
triggered. 



f 28J SLOPE Switches — Selects the slope of the signal 
that triggers the sweep. 



OUT — When button is released out, sweep is trig- 
gered from the positive-going slope of the trigger 
signal. 



VERT MODE 


Trigger Source 


CH 1 


CH 1 OR X input signal. 


CH 2 


CH 2 OR Y input signal. 


BOTH and ADD 


Algebraic sum of CH 1 OR X and 
CH 2 OR Y input signals. 


BOTH and CHOP 


Algebraic sum of CH 1 OR and CH 
2 OR Y input signals. 


BOTH and ALT 


Alternates between Channel 1 and 
Channel 2 on every other sweep 
(i.e. CH 1 OR X input signal triggers 
the sweep that displays Channel 1 , 
and CH 2 OR Y input signal triggers 
the sweep that displays Channel 2). 



CH 2 — The signal applied to the CH 2 OR Y input 
connector is the source of the trigger signal. 
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used to couple external signals to the A TRIGGER 
circuit from the EXT INPUT connector. 
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AC — Signals above 60 Hz are capacitively coupled 
to the input of the A Trigger circuit. Any dc compo- 
nents are blocked, and signals below 60 Hz are 
attenuated. 



DC — All frequency components of the signal are 
coupled to the input of the A Trigger circuitry. This 
position is useful for displaying low-frequency or 
low-repetition-rate signals. 



DC-?- 10 — External trigger signals are attenuated 
by a factor of 10. All frequency components of the 
signal are coupled to the input of the A Trigger 
circuit. 




EXT INPUT Connector — Provides a means of intro- 
ducing external signals into the A Trigger circuit 
through the A EXT COUPLING switch. 



( 33)0 TRIGGER LEVEL Control— Selects the amplitude 
point on the trigger signals at which the sweep is trig- 
gered. When fully clockwise (B RUNS AFTER DLY), 
the B Sweep circuit runs immediately following the de- 
lay time selected by the A SEC/DIV and the B DELAY 
TIME POSITION control. 




VAR HOLDOFF Control — Provides continuous con- 
trol of holdoff time between sweeps. Increases the 
holdoff time by at least a factor of 10. This control 
improves the ability to trigger on aperiodic signals 
(such as complex digital waveforms). 



TN 



CAUTION 

FOR CONTlNUEO FIRE PROTECTION 
REPLACE ONLY WITH SPECIFIE0 
TYPE AN0 RATE0 FUSE DISCONNECT 
POWER INPUT BEFORE REPLACING FUSE 



LINE VOLTAGE RANGE 


FUSE 250V 


90 2S0VAC 


IA SLOW 



DO NOT REMOVE 
COVER REFER 
SERVICING TO 
0UAUFIE0 
PERSONNEL 



0 





r 




\ 


POWER 




■ _ 1 


1 


MAX WATTS 40 




0 _ 0 




MAX VA 70 




v D J 




FRE0 46 440 Hi j 




\ /j 


1 




< 




/ 



CAUTION 

10 AVOIO ELECTRIC 
SHOCK THE POWER 
CORO PROTECTIVE 
GROUNDING CONDUCTOR 
MUSI BE CONNECTEO 
10 GROUND 

EXT 1 AXIS INPUT 
I0KU POSITIVE GOING 
INPUT DECREASES 
INTENSITY 

' 5 VOLT P P CAUSES 
NOTICEABLE 
MODULATION AT 
NORMAL INTENSITY 
<30V PEAK 




C42O7-06 



Figure 2-7. Rear-Panel connector. 



REAR PANEL 



Refer to Figure 2-7 for location of item 35. 




EXT Z-AXIS Connector — Provides a means of con- 
necting external signals to the Z-Axis amplifier to in- 



tensity modulate the crt. Applied signals do not affect 
display waveshape. Signals with fast rise times and 
fall times provide the most abrupt intensity change, 
and a 5 V p-p signal will produce noticeable modula- 
tion. The Z-Axis signals must be time-related to the 
display to obtain a stable presentation on the crt. 
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OPERATING CONSIDERATIONS 



The following basic operating information and techniques 
should be considered before attempting to make any mea- 
surements with your instrument. 



GRATICULE 

The graticule is internally marked on the faceplate of the 
crt to enable accurate measurements without parallax error 
(see Figure 2-8). It is marked with eight vertical and ten hori- 
zontal major divisions. Each major division is divided into 
five subdivisions. The vertical deflection factors and horizon- 
tal timing are calibrated to the graticule so that accurate 
measurements can be made directly from the crt. Also, per- 
centage markers for the measurement of rise and fall times 
are located on the left side of the graticule. 



GROUNDING 

The most reliable signal measurements are made when 
the 2215A and the unit under test are connected by a com- 
mon reference (ground lead), in addition to the signal lead or 
probe. The probe’ s ground lead provides the best grounding 
method for signal interconnection and ensures the maxi- 
mum amount of signal-lead shielding in the probe cable. A 
separate ground lead can also be connected from the unit 
under test to the oscilloscope GND connector located on 
the front panel. 



SIGNAL CONNECTIONS 

Generally, probes offer the most convenient means of 
connecting an input signal to the instrument. They are 
shielded to prevent pickup of electromagnetic interference, 
and the supplied 1 0X probe offers a high input impedance 
that minimizes circuit loading. This allows the circuit under 
test to operate with a minimum of change from its normal 
condition as measurements are being made. 



Coaxial cables may also be used to connect signals to 
the input connectors, but they may have considerable effect 
on the accuracy of a displayed waveform. To maintain the 
original frequency characteristics of an applied signal, only 
high-quality, low-loss coaxial cables should be used. Coax- 
ial cables should be terminated at both ends in their charac- 
teristic impedance. If this is not possible, use suitable 
impedance-matching devices. 
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Figure 2-8. Graticule measurement markings. 



INPUT COUPLING 
CAPACITOR PRECHARGING 

When the Input Coupling switch is set to GND, the input 
signal is connected to ground through the input coupling 
capacitor in series with a 1 -MU resistor to form a 
precharging network. This network allows the input coupling 
capacitor to charge to the average dc-voltage level of the 
signal applied to the probe. Thus any large voltage 
transients that may accidentally be generated will not be 
applied to the amplifier input when the Input Coupling switch 
is moved from GND to AC. The precharging network also 
provides a measure of protection to the external circuitry by 
reducing the current levels that can be drawn from the ex- 
ternal circuitry during capacitor charging. 



The following procedure should be used whenever the 
probe tip is connected to a signal source having a different 
dc level than that previously applied, especially if the dc- 
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level difference is more than 10 times the VOLTS/DIV 
switch setting: 

1. Set the Input Coupling switch to GND. 

2. Insert the probe tip into the oscilloscope GND connec- 
tor and wait several seconds for the input coupling capacitor 
to discharge. 



3. Connect the probe tip to the signal source and wait 
several seconds for the input coupling capacitor to charge. 



4. Set the Input Coupling switch to AC. The display wilt 
remain on the screen, and the ac component of the signal 
can be measured in the normal manner. 



OPERATOR’S ADJUSTMENTS 



INTRODUCTION 



Horizontal 



To verify the operation and accuracy of your instrument 
before making measurements, perform the following 
adjustment procedures. Adjustments beyond the scope of 
“Operator’s Adjustments” are in the “Adjustment 
Procedure” Section 5 of this manual. 



Before proceeding with these instructions, refer to 
“Preparation for Use” in this section for first-time start-up 
considerations. 



Verify that the POWER switch is OFF (push button out), 
then plug the power cord into the power-source outlet. 



BASELINE TRACE 



A/B SWP SEP 


Off midrange 


POSITION 


Midrange 


HORIZONTAL MODE 


A 


A and B SEC/DIV 


0.5 ms 


SEC/DIV Variable 


CAL detent 


XI 0 Magnifier 


Off (knob in) 


B DELAY TIME POSITION 


Fully counterclockwise 


B TRIGGER 


SLOPE 


OUT 


LEVEL 


Fully clockwise 


A TRIGGER 


VAR HOLDOFF 


NORM 


Mode 


P-P AUTO 


SLOPE 


OUT 


LEVEL 


Midrange 


A&B INT 


VERT MODE 


A SOURCE 


INT 


A EXT COUPLING 


AC 



First obtain a baseline trace, using the following 
procedure. 

1. Preset the instrument front-panel controls as follows: 

Display 

A and B INTENSITY Fully counterclockwise 

FOCUS Midrange 



2. Press in the POWER switch button (ON) and allow the 
instrument to warm up (20 minutes is recommended for 
maximum accuracy). 

3. Adjust the A INTENSITY control for desired display 
brightness. 



Vertical (Both Channels) 

POSITION 
VERTICAL MODE 
BW LIMIT 
VOLTS/DIV 
VOLTS/DIV Variable 
INVERT 
Input Coupling 



Midrange 
CH 1 

Off (button out) 
50 mV 
CAL detent 
Off (button out) 
AC 



4. Adjust the Vertical and Horizontal POSITION controls 
as needed to center the trace on the screen. 



TRACE ROTATION 

Normally, the resulting trace will be parallel to the center 
horizontal graticule line, and the Trace Rotation adjustment 
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should not be required. If adjustment is needed, perform the 
following procedure: 

1 . Preset instrument controls and obtain a baseline trace. 



2. Use the Channel 1 POSITION control to move the 
baseline trace to the center horizontal graticule line. 



3. If the resulting trace is not parallel to the center hori- 
zontal graticule line, use small flat-bit screwdriver to adjust 
the TRACE ROTATION control and align the trace with the 
center horizontal graticule line. 



PROBE COMPENSATION 

Misadjustment of probe compensation is a common 
source of measurement error. Most attenuator probes are 
equipped with a compensation adjustment. To ensure opti- 
mum measurement accuracy, always compensate the oscil- 
loscope probes before making measurements. Probe 
compensation is accomplished as follows: 

1 . Preset instrument controls and obtain a baseline trace. 



2. Connect the two 10X probes (supplied with the instru- 
ment) to the CH 1 and CH 2 input connectors. 



3. Set both VOLTS/DI V switches to 10 mV and set both 
Input Coupling switches to DC. 



4. Select CH 1 VERTICAL MODE and insert the tip of the 
Channel 1 probe into the PROBE ADJUST output jack. 



5. Using the approximately 1-kHz PROBE ADJUST 
square-wave signal as the input, obtain a 5-division display 
of the signal. 



6. Set the A SEC/DIV switch to display several cycles of 
the PROBE ADJUST signal. Use the Channel 1 POSITION 
control to vertically center the display. 



7. Check the waveform presentation for overshoot and 
rolloff (see Figure 2-9). If necessary, adjust the probe com- 
pensation for flat tops on the waveforms. Refer to the in- 
structions supplied with the probe for details of 
compensation adjustment. 



8. Select CH 2 VERTICAL MODE and connect the Chan- 
nel 2 probe tip to the PROBE ADJUST output jack. 



9. Use the Channel 2 POSITION to vertically center the 
display and repeat step 7 for the Channel 2 probe. 



10. Disconnect the probes from the instrument. 









too 

u 

1 

( 






















CORRECT 

(FLAT) 

OVER COM 
PENSATED 
(OVERSHOOT) 

UNDER COM 
PENSATED 
(ROLLOFF) 


















1 - • - - 


























































V- 










































1 

) • • • 


















rr 
























C4732-15 



Figure 2-9. Probe compensation. 



2-10 



http://manoman.sqhill.com 



Section 3 — 221 5A Service 



THEORY OF OPERATION 



INTRODUCTION 



SECTION ORGANIZATION 

This section of the manual contains a general summary 
of instrument functions followed by a detailed description of 
each major circuit. A basic block diagram, a detailed block 
diagram, and the schematic diagrams are located in the 
tabbed “Diagrams" section at the back of this manual. They 
are used to show the interconnections between parts of the 
circuitry, to indicate circuit components, and to identify inter- 
relationships with the front-panel controls. 



The schematic diagram number associated with each de- 
scription is identified in the text and is shown on the block 
diagrams. For best understanding of the circuit being de- 
scribed, refer to the appropriate schematic diagram and the 
two block diagrams. 



INTEGRATED CIRCUIT DESCRIPTIONS 



Digital Logic Conventions 

Digital logic circuits perform many functions within the 
instrument. Functions and operation of the logic circuits are 
represented by logic symbology and terminology. Most logic 
functions are described using the positive-logic convention. 
Positive logic is a system of notation whereby the more pos- 
itive of two levels is the TRUE (or 1) state; the more nega- 
tive level is the FALSE (or 0) state. In this logic description 
the TRUE state is referred to as HI, and the FALSE state is 
referred to as LO. The specific voltages which constitute a 
HI or a LO state vary between specific devices. For specific 
device characteristics, refer to the manufacturer's data 
book. 



Linear Devices 

The functioning of individual linear circuit devices in this 
section use waveforms or other techniques such as voltage 
measurement and simplified diagrams to illustrate their 
operation. 
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GENERAL DESCRIPTION 



NOTE 

When reading this general circuit description of the 
221 5 A Oscilloscope , refer to the basic block diagram 
(Figure 9-4) and to the detailed block diagram (Figure 
9-5) located in the “Diagrams " section of this manual. 
In Figures 9-4 and 9-5, the numbered diamond symbol 
in each major block refers to the appropriate sche- 
matic diagram number. 



Signals to be displayed on the crt are applied to either 
the CH 1 OR X input connector or the CH 2 OR Y input 
connector. These signals may be directly (DC) coupled to 
the Attenuator circuit or ac (AC) coupled through an input- 
coupling capacitor. The input signals may also be discon- 
nected from the oscilloscope circuitry and the input 
attenuator grounded by setting the coupling switch to the 
GND position. 



The output signal from the Attenuator circuit is applied to 
the Vertical Preamplifier for further amplification. Addition- 
ally, the Channel 2 Attenuator can invert the Channel 2 dis- 
play on the crt. Trigger Pickoff Amplifiers in each channel 
supply an internal trigger signal from either or both channels 
to the Internal Trigger Amplifier. 



Input signals are selected for display by the Channel 
Switching circuit under control of the front-panel VERTICAL 
MODE switches. The output signal from the Channel 
Switching circuit is applied to the Delay Line Driver stage. 
This stage converts a current input to a voltage output and 
provides an impedance match for the Delay Line. The Delay 
Line produces approximately 90 ns of delay in the vertical 
signal. This allows the Horizontal circuitry time to start the 
sweep so that the operator can see the signal that triggered 
the sweep. 



Final amplification of the vertical signal is performed by 
the Vertical Output Amplifier. This Amplifier supplies the sig- 
nal levels necessary for vertical deflection of the electron 
beam in the crt. The upper frequency response of the Ampli- 
fier can be reduced by enabling the Bandwidth Limit cir- 
cuitry. For locating the position of off-screen displays, the 
dynamic range of the Amplifier can be limited with the Beam 
Find circuitry. This circuitry also intensifies the trace and 
limits horizontal deflection. 



The A/B Sweep Separation circuitry supplies a dc-offset 
current to the Vertical Output Amplifier which vertically posi- 
tions the B trace with respect to the A trace when Alt Hori- 
zontal Mode is selected. 



The A Trigger circuitry uses either an Internal Trigger sig- 
nal, an External Trigger signal, or a Line Trigger signal ob- 
tained from the ac power line to develop the gate signal for 
the A Sweep Generator. The B Trigger circuitry uses only 
the Internal Trigger signal to gate the B Sweep Generator. A 
P-P Auto Trigger circuit ensures that the range of the 
A TRIGGER LEVEL control tracks the peak-to-peak ampli- 
tude of the trigger signal when either the P-P Auto or TV 
Field trigger mode is selected. This allows triggering on 
most signals without needing to adjust the A TRIGGER 
LEVEL control. In Norm mode, the A TRIGGER LEVEL con- 
trol must be adjusted for the correct trigger signal level be- 
fore a sweep can be generated. 



A TV Field sync circuit provides stable triggering on tele- 
vision vertical-sync pulses. Triggering at the television line 
rate is accomplished when either P-P Auto or Norm mode is 
selected. 



The A Sweep Logic circuit controls sweep generation 
and Z-Axis unblanking for the A Sweep display. When the 
A TRIGGER Mode switches are set to either P-P AUTO or 
TV FIELD and no trigger signal is present, the Auto Baseline 
circuit causes the Sweep Logic circuit to produce a sweep 
for reference purposes. In the NORM setting, the Auto 
Baseline circuit is disabled and sweeps are inhibited until a 
trigger event occurs. This is useful for triggering on low- 
repetition-rate signals. The SGL SWP setting enables only 
one sweep to be generated after being reset. Following the 
single sweep, the A Trigger circuit is disabled until the SGL 
SWP RESET button is pressed again. 



The A Sweep Logic circuit controls the operation of the 
A Miller Sweep Generator circuit. The Sweep circuit pro- 
duces a linear sweep output with a ramp time that is con- 
trolled by the A SEC/DIV switch. The sweep signal is 
applied to the Horizontal Preamplifier for initial amplification 
and then to the Horizontal Output Amplifier to drive the crt 
horizontal deflection plates. 



The Horizontal Preamplifier gain is increased by a factor 
of 10 when the XI 0 Magnifier is used. Horizontal positioning 
of the display is accomplished in the Horizontal Preamplifier 
circuit. 



In the X-Y mode of operation, the Channel 1 signal from 
the Internal Trigger circuitry passes through the X-Y Ampli- 
fier to the Horizontal Preamplifier. In this operating mode, 
the Channel 1 Internal Trigger signal supplies the horizontal 
deflection to the crt, and the Miller Sweep circuit is disabled 
to inhibit sweep generation. 
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The Alternate B Sweep circuitry controls the Alt and 
B Horizontal mode displays and includes the B Miller Sweep 
Generator and B Sweep Logic circuitry. In addition to pro- 
viding the B Sweep sawtooth waveform, signals are gener- 
ated which control the display switching between the A and 
B displays. 



The intensity levels of both the A and B Sweeps are set 
by the front-panel A and B INTENSITY controls. These con- 
trols, along with signals from the A and B Sweep Logic 
circuits, determine the drive level to the Z-Axis Amplifier. 



The Z-Axis drive from both the A Sweep Logic circuit and 
the Alternate B Sweep circuit is applied to the Z-Axis Ampli- 
fier. The output signal from the Z-Axis Amplifier circuit sets 
the crt intensity. When using Chop Vertical mode, a blanking 
signal from the Chop Oscillator circuit blanks the crt display 
while switching between the vertical channels. 



The Dc Restorer circuit applies the output voltage of the 
Z-Axis Amplifier between the cathode and grid of the crt. 
High dc potentials on these elements prohibit direct coupling 
to the crt. 



The Power Supply provides the necessary operating 
voltages for the instrument. Operating potentials are ob- 
tained from a circuit composed of the Preregulator, Inverter 
and Transformer, and Rectifiers and Filters. The 
Preregulator produces approximately + 43 V dc from the ac 
power line which is used to drive the 20 kHz Inverter stage. 
The transformer secondary windings provide various ac lev- 
els that are rectified and filtered to produce the operating 
voltages. A high-voltage multiplier circuit produces the ac- 
celerating, focus, and cathode potentials required by the crt. 



A front-panel PROBE ADJUST output is provided for use 
in adjusting probe compensation. The voltage at the 
PROBE ADJUST connector is a negative-going square 
wave that has a peak-to-peak amplitude of approximately 
0.5 V and a repetition rate of approximately 1 kHz, 



DETAILED CIRCUIT DESCRIPTION 



VERTICAL ATTENUATORS 



The Channel 1 and Channel 2 Attenuator circuits, shown 
on Diagram 1 , are identical with the exception of the addi- 
tional Invert circuitry in the Channel 2 Paraphase Amplifier, 
Therefore, only the Channel 1 Attenuator will be described 
and the Invert circuitry of Channel 2 will be discussed 
separately. 



The Attenuator circuit (see Figure 3-1) provides control of 
input coupling, vertical deflection factor, and variable volts- 
per-division gain. Input signals for crt vertical deflection may 
be connected to the CH 1 OR X and the CH 2 OR Y input 
connectors. In the X-Y mode of operation, the signal applied 
to the CH 1 OR X connector provides horizontal (X-Axis) 
deflection for the display, and the signal applied to the CH 2 
OR Y connector provides the vertical (Y-Axis) deflection for 
the display. 




Figure 3-1. Block diagram of the Vertical Attenuators. 
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Input Coupling 

The signal applied to the CH 1 OR X input connector can 
be ac coupled, dc coupled, or disconnected from the input of 
the High-impedance Input Attenuator circuit. Signals applied 
to the CH 1 OR X input connector are routed through resis- 
tor R9100 to Input Coupling switch SI. When SI is set for 
dc coupling, the Channel 1 signal is applied directly to the 
input of the High-Impedance Attenuator stage. When ac 
coupled, the input signal passes through dc-blocking capac- 
itor C2. The blocking capacitor prevents the dc component 
of the input signal from being applied to the Attenuator cir- 
cuit. When switched into the signal path, attenuators ATI 
and AT2 attenuate the input signal by factors of 100 and 10 
respectively. When SI is set to GND, the direct signal path 
is opened and the input of the Buffer Amplifier is connected 
to ground. This provides a ground reference without the 
need to disconnect the applied signal from the input connec- 
tor. The coupling capacitor precharges through R4 to pre- 
vent large trace shifts when switching from GND to AC. 



Buffer Amplifier and Gain Switching Network 

The Buffer Amplifier presents a high-impedance, low-ca- 
pacitance load to the signal from the High-Impedance Atten- 
uator and a low output impedance to the Gain Switching 
Network. A dual-path amplifier is used to combine high-dc 
stability with high-speed performance. 



In the slow path, the input signal is applied to both the 
gate of source-follower Q13 and the inverting input of U10 
through the divide-by-two network composed of R3 and R5. 
Transistor Q13 and emitter-follower Q18 isolate the input 
signal from the loading of the Gain Switching Network. The 
divider network at the output of the Amplifier (R46, R47, and 
R48) is connected to the other input of U10. Amplifier U1 0 
compares the two divider voltages and changes the conduc- 
tion level of current-source transistor Q15 to correct for any 
error at the source of Q13. Capacitor CIO limits the band- 
width of U10 so that the slow path responds only to fre- 
quencies below 100 kHz. 



In the fast path, input signals are coupled through R6, 
C6, Q13, and Q18 to the circuit output. By adjusting R47, 
the gain in both paths is matched. Input offset voltage com- 
pensation for U10 is provided by R10 to eliminate trace 
shifts when switching between Volts/Div settings. 



The Gain Switching Network divides down the Buffer 
Amplifier output signal for application to the Paraphase Am- 
plifier and has an output impedance of 75 12 for all Volts/Div 
switch settings. The particular Volts/Div switch setting will 
determine which contacts of S10 are closed and therefore 
whether the Paraphase Amplifier will receive a -r- 1 , -r2, 
-r 4, or -j- 1 0 signal. 



Paraphase Amplifier 

The Paraphase Amplifier converts the single-ended sig- 
nal from the Gain Switching Network into a differential sig- 
nal for application to the Vertical Preamplifier. Included in 
the circuitry is switching that provides extra gain for the 
2 mV position of the VOLTS/DIV switch, adjustments for 
amplifier dc balance, and circuitry for the Variable Volts/Div 
function. Additionally, the Channel 2 Paraphase Amplifier 
contains circuitry to invert the Channel 2 display. 



The signal from the Gain Switching Network is applied to 
the base of one transistor in U30. The other input transistor 
is biased by the divider network composed of R30, R31 , and 
R33 to a level that will produce a null between the outputs of 
U30 (no trace shift on the crt screen) when the VOLTS/DIV 
control is switched between 5 mV and 2 mV. Emitter current 
for the two input transistors is supplied by R2t, R22, R23, 
and R25, with R29 serving as the gain-setting resistor be- 
tween the two emitters. In the 2 mV position, amplifier gain 
is increased by closing contact 15 of SI 0 to shunt R29 with 
R26. 



The collector current through the two input transistors 
serves as emitter current for the two differential output tran- 
sistor pairs. Base-bias voltages for the two pairs are derived 
from the divider network composed of R39, R41, R42, and 
R43. Monolithic 1C U30 has matched transistor characteris- 
tics, so the ratio of currents in the two diodes connected to 
pin 1 1 determines the current ratios in the output transistor 
pairs. As VOLTS/DIV Variable potentiometer R43 is rotated 
from the calibrated to uncalibrated position, the conduction 
level of the transistors connected to R35 will increase. Since 
the transistor pair outputs are cross-wired, this increased 
conduction will subtract from the signal produced by the 
transistors connected to R38 and the overall gain of the 
Amplifier will decrease. Potentiometer R25 adjusts the bal- 
ance of the Amplifier so there is minimal dc trace shift as the 
VOLTS/DIV Variable control is rotated. 



Incorporated in the Channel 2 Paraphase Amplifier is cir- 
cuitry to invert the polarity of the Channel 2 signal. When 
INVERT switch S90 is out, the transistor pairs in U80 are 
biased as they are in U30 and there is no trace inversion. 
For the IN position of S90, connections to the bases of the 
output transistor pairs are reversed to produce an inverted 
Channel 2 trace. Potentiometer R75 is adjusted so that 
there is minimal dc trace shift as the INVERT button is 
changed between the IN and OUT positions. 



VERTICAL PREAMPLIFIERS 

The Vertical Preamplifier, shown on Diagram 2, utilizes 
differential signal current from the Paraphase Amplifier to 
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produce differential output current to drive the Delay Line 
Driver. Internal trigger signals for the Trigger circuitry are 
picked-off and channel selection for crt display is controlled 
by the Channel Switch circuitry. 



Common-base transistors Q102 and Q103 convert dif- 
ferential current from the Paraphase Amplifier into level- 
shifted voltages that drive the bases of the input transistors 
of U 130 and the Internal Trigger circuitry. Emitter current for 
the input transistors is supplied by Q114 and Q115, and the 
base bias is adjusted by R1 1 1 . The collector current of each 
input transistor of U130 serves as emitter current for two 
differential output transistor pairs. One of the collectors of 
each output pair is grounded and the other provides output 
drive to the Delay Line Driver. The base voltages of the 
transistors with grounded collectors are held at ground po- 
tential by R136. The base voltages of the other transistors 
are controlled by the Channel Switch and Trigger View 
circuitry. 



When Channel 1 is selected to drive the Delay Line 
Driver, the Q output of U540A is HI. The transistors with the 
ungrounded collectors will then be forward-biased and the 
Channel 1 signal will be conducted through to the Delay Line 
Driver. If Channel 1 is not selected, then the Q output of 
U540A is LO. The transistors with the ungrounded collec- 
tors are then reverse-biased and the output signals will be 
conducted to ground by the other transistor pair. The gain of 
the Preamplifier is set by adjusting R 145 to determine how 
much signal current will be shunted between the two dif- 
ferential outputs. 



CHANNEL SWITCH AND VERTICAL 
OUTPUT 

The Channel Switch circuitry, shown on Diagram 2, uti- 
lizes the front-panel VERTICAL MODE switches to select 
the crt display format. See Figure 3-2 for a block diagram of 
the circuit. 



FROM 

CHANNEL 1 
ATTENUATOR 



FROM 

CHANNEL 2 
ATTENUATOR 




TO 

DELAY 

LINE 

DRIVER 



4735-02 



Figure 3-2. Block diagram of the Channel Switching circuitry. 



CHANNEL 2 DISPLAY ONLY. The CH 2 position of S550 
holds the R input of U540A LO through CR538 and the 
S input is held HI by R538. The outputs will then be Q LO 
and Q HI to enable the Channel 2 Preamplifier signal to drive 
the Delay Line Driver while the Channel 1 Preamplifier is 
disabled. 



To display the ADD, ALT, or CHOP formats, S550 must 
be in the BOTH position to ground the A, C, and F pins of 
S545. 



When any display mode other than X-Y is selected, the 
XY line connected to S550 is at ground potential. VERTI- 
CAL MODE switches S545 and S550 control the connec- 
tion between the XY line and the S and R inputs of U540A 
to obtain the various display formats described below. 



ADD DISPLAY. In the ADD position of S545, both the S 
and R inputs of U540A are held LO by CR534 and CR537. 
The Q and Q outputs are then both HI and signal currents 
from the Channel 1 and Channel 2 Preamplifiers add to- 
gether to drive the Delay Line Driver. 



CHANNEL1 DISPLAY ONLY. The CH ^position of S550 
grounds the S input of U540A while the R input is held HI 
by R539. This will produce a HI and a LO on the Q and Q 
outputs respectively, and the Channel 1 Preamplifier signal 
will drive the Delay Line Driver as described in the “Vertical 
Preamplifier” section. The Channel 2 Preamplifier will be 
disabled. 



CHOP DISPLAY. In the CHOP position, the Chop Enable 
line is held LO keeping the Q output of U540B HI. This en- 
ables multivibrator U537D to run at a frequency that is de- 
termined by R544, R545, and C545. The output of U537C, 
the inverted output of the multivibrator, is used to drive 
U537A and U537B. 
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Coupling capacitor C547 and resistors R547 and R548 
form a differentiating circuit that produces positive- and neg- 
ative-going short-duration pulses. These pulses are inverted 
by U537B to generate the Chop Blank signal utilized by the 
Z-Axis Amplifier. 



The Alt Sync signal applied to one input of U537A is HI 
except during Holdoff. This allows the output of U537C to 
be inverted by U537A which drives the clock input of 
U540A. Since the Q output of U540A is connected back to 
the D input and both the S and R inputs are HI, the outputs 
of U540A will toggle with each clock input. The Delay Line 
Driver will then be driven alternately by the Channel 1 and 
Channel 2 Preamplifiers at a rate determined by 
multivibrator U537D. 



ALTERNATE DISPLAY. In the ALT position, the Chop 
Enable line is held HI and multivibrator U537D is disabled. 
The output of U537C will be LO and the Chop Blank signal 
from U537B will also be LO. Input signals to U537A will be 
the LO from U537C and the Alt Sync signal from the Holdoff 
circuitry in the A Sweep Generator, The output of U537A 
will then be the inverted Alt Sync signal which clocks 
U540A. This causes the outputs of U540A to toggle at the 
end of each sweep so that the Channel 1 and Channel 2 
Preamplifier signals will alternately drive the Delay Line 
Driver. 



Delay Line Driver 

The Delay Line Driver converts the signal current from 
the Vertical Preamplifiers or the Trigger View circuitry into a 
signal voltage for input to the Delay Line. Transistors Q202, 
Q203, Q206, and Q207 form a differential shunt-feedback 
amplifier with the gain controlled by R216 and R217. Ampli- 
fier compensation is provided by C21 0 and R21 0 and output 
common-mode dc stabilization by U225. Should the voltage 
at the junction of R222 and R223 deviate from zero, U225 
will sink or source base current to Q202 and Q203 through 
R202 and R203. This will return the outputs of the Delay 
Line Driver to an average dc value of zero volts. Delay Line 
DL210 provides a vertical signal delay of about 90 ns so 
that the Sweep Generator has sufficient time to produce a 
sweep before the vertical signal that triggered the sweep 
reaches the crt deflection plates. This permits viewing the 
leading edge of the internal signal that originated the trigger 
pulse. 



Vertical Output Amplifier 

The Vertical Output Amplifier provides final amplification 
of the input signals for application to the vertical deflection 
plates of the crt. Signals from the Delay Line are applied to a 



differential amplifier composed of Q230 and Q231 with low- 
and high-frequency compensation provided by the RC net- 
works connected between the emitters. Thermal compensa- 
tion is provided by RT236, and overall gain is set by R233. 
The output stage of the Amplifier utilizes two totem-pole 
transistor pairs, Q254-Q256 and Q255-Q257, that convert 
the collector currents of Q230 and Q231 to proportional out- 
put voltages. Resistors R256, R258, R257, and R259 serve 
as feedback elements and also as divider networks so that 
each transistor in a pair drops half the final output voltage. 
The Amplifier output signals are applied to the vertical de- 
flection plates of the crt to produce deflection of the crt 
beam. 



BW LIMIT switch S226, C228 and C229, and a diode 
bridge consisting of CR226, CR227, CR228, and CR229, 
are utilized to reduce the bandwidth of the Amplifier if de- 
sired. With the bandwidth limit off, R226 is grounded and 
the nonconducting diode bridge isolates C228 and C229. 
With bandwidth limit on, R226 is connected to the +8.6 V 
supply and the diode bridge conducts. The two capacitors 
are no longer isolated and will attenuate high-frequency 
signals. 



BEAM FIND switch S390 adjusts output-amplifier bias- 
ing to limit the voltage swing at the crt plates. This keeps 
the vertical trace within the graticule area for locating off- 
screen traces. With the switch in the normal out position, 
the -8.6 V supply provides emitter current to the Amplifier 
output stage through R261 . When the BEAM FIND switch is 
in, the direct =8.6 V supply to R261 is removed and emitter 
current is now supplied through R261 and R262 in series. 
This reduces the amount of available emitter current and 
limits the Amplifier dynamic range. 



A/B Sweep Separation Circuit 

The circuit composed of Q283, Q284, Q285, and associ- 
ated components provides a means of vertically positioning 
the B trace with respect to the A trace during Alt Horizontal 
Mode displays. During the B Sweep interval, the Sep signal 
from the Alternate Display Switching circuit is LO and Q283 
is biased off. This allows A/B SWP SEP potentiometer 
R280 to affect the bias on one side of a differential current 
source composed of Q284 and Q285. This supplies a dc 
offset current to the Vertical Output Amplifier and changes 
the position of the B trace on the crt screen. 

During the A Sweep interval, the Sep signal is HI and 
Q283 is turned on. The base voltages of Q284 and Q285 
are then the same, and equal current is supplied to both 
sides of the Vertical Output Amplifier so that no offset of the 
A trace occurs. 
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TRIGGER AMPLIFIERS AND SWITCHING 

The Trigger Amplifiers, shown on Diagram 3, provide sig- 
nals to the A Trigger Generator circuit from either the Verti- 
cal Preamplifiers, the EXT INPUT connector, or the power 
line. The A&B INT switch selects either Channel 1 or Chan- 
nel 2 as the trigger source, and the A SOURCE switch se- 
lects between internal, line, or external trigger sources. 



Internal Trigger 

Signals from the Vertical Preamplifiers drive the Internal 
Trigger Amplifier with channel selection determined by the 
VERTICAL and HORIZONTAL MODE switches. 



Trigger pickoff from the Preamplifiers is accomplished by 
Q302 and Q303 for Channel 1, and Q327 and Q328 for 
Channel 2. The circuitry associated with Channel 2 is the 
same as that for Channel 1 except that it does not have a 
trigger offset adjustment. 



Signals from the Channel 1 Preamplifier are applied to 
Q302 and Q303. These emitter-follower transistors each 
drive one input transistor in U310, and the collectors of the 
U310 input transistors in turn supply emitter current to two 
current-steering transistors. The compensation and biasing 
network connected to the emitters of the input transistors in 
U310 is fixed for Channel 2 but not for Channel 1. Poten- 
tiometer R309 adjusts the emitter bias levels of the two in- 
put transistors so that dc offsets between channels can be 
matched. 



The base bias voltages of one transistor in each output 
differential amplifier pair is fixed by the divider network com- 
posed of R321 and R322. The other base voltage is con- 
trolled by the Ch 1 Trig line from the Trigger Channel 
Switch. When the Ch 1 Trig signal is HI, the transistors in 
each output pair with the collectors connected together are 
biased on and the other transistors are off. The collector 
signal currents are equal in magnitude but opposite in polar- 
ity and signal cancellation occurs. If the Ch 1 Trig signal is 
LO, the other transistors in each pair will be biased on and 
an output signal will be developed across R314 and R315 to 
drive the Internal Trigger Amplifier. 



Internal trigger channels are chosen by the A&B INT 
switch with the A SOURCE switch set to INT. The INT posi- 
tion of S392 reverse biases CR393 and CR399 to prevent 
external trigger signals or the line trigger signal from reach- 
ing the A Trigger Generator. Signals from the Internal Trig- 
ger Amplifier are passed to the A Trigger Generator through 
forward-biased CR372, 



CHANNEL 1. For triggering from Channel 1 , the A&B INT 
switch is set to CH 1 . The XY line connected to S555 will be 
at ground potential and one input of U555B will be held LO 
by CR556. The output of U555B will then also be LO and 
the Channel 1 signal path through U310 will be enabled. The 
Channel 2 signal path is disabled by the outputs of both 
U555C and U565B being HI. 



CHANNEL 2. For triggering from Channel 2, the A&B INT 
switch is set to CH 2. One input each of U555C and U555D 
will be LO and force both gate outputs LO. The LO from 
U555C will enable the Channel 2 signal path through U335 
and the HI outputs of U555B and U565C will disable the 
Channel 1 path. 



VERT MODE. When the A&B INT switch is set to VERT 
MODE, trigger source selection is determined by the two 
VERTICAL MODE switches. For all VERTIC AL MODE 
switch combinations except BOTH-CHOP, the V Mode T 
line is HI. The inputs and outputs of U555B, U555C, and 
U555D will all be HI, and triggering selection will then be 
determined by the inputs of U565B and U565C that are con- 
trolled by U540A in the Channel Switch circuit. 



When Channel 1 is selected (VERTICAL MODE switch 
set to CH 1), the input to U565C will be HI. The gate output 
will be LO and the Channel 1 signal will be selected. The LO 
from the other output of U540A is applied to U565B and 
causes the Ch 2 Trig line to go HI and the Channel 2 Trigger 
signal is disabled. 



When Channel 2 is selected (VERTICAL MODE switch 
set to CH 2), the outputs of U540A, U565B, and U565C will 
be the reverse of the states described for Channel 1 selec- 
tion. The Channel 2 signal will be selected and the Channel 
1 Trigger signal disabled. 



When selecting ALT VERTICAL MODE, the inputs of 
U565B and U565C will toggle with each sweep. The outputs 
of the two gates will also toggle and the Trigger signal 
source will alternate with the displayed channel. 



In the ADD VERTICAL MODE position, both inputs to 
U565B and U565C will be HI and the gate outputs will be 
LO. Both Channel 1 and Channel 2 signal paths will be en- 
abled and their output current will be summed at the inputs 
of the Internal Trigger Amplifier to produce the internal trig- 
ger signal. 
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The CHOP VERTICAL MODE position grounds the 
V Mode T line and places a LO on an input of both U555B 
and U555C. The outputs of these two gates will then be LO 
and the signal to the Internal Trigger Amplifier will be the 
same as for the ADD mode. 



Internal Trigger Amplifier 

The Internal Trigger Amplifier converts the differential 
trigger signals from the Vertical Preamplifiers into a single- 
ended signal that drives the X-Axis Amplifier and the A and 
B Trigger Generators. 



Signal current is applied to the emitters of U350D and 
U350E. The collector current of U350D is converted to a 
voltage across feedback resistor R357. The opposite-phase 
collector current of U350E causes a voltage drop across 
R359 which adds to the voltage at the collector of U350C. 
This voltage appears at the base of U350A which buffers 
and level shifts the signal back to 0 V. The emitter signal of 
U350A drives the X-Axis Amplifier, the B Trigger Generator, 
and the base of U350B. The emitter signal of U350B in turn 
drives the A Trigger Generator whenever CR372 is forward 
biased. 



A External Trigger Amplifier 

The A External Trigger Amplifier buffers signals applied 
to the EXT INPUT connector to drive the A Trigger Genera- 
tor. Input signal coupling is determined by A EXT COU- 
PLING switch S380 which selects AC, DC, or DC -r 10 
coupling. 



When S380 is in the AC position, the input signal is ac- 
coupled through C376. In the DC position, the input signal is 
connected directly to the Amplifier. The DC - 10 position 
attenuates the input signal by a factor of 10 through the 
compensated divider composed of R377, R378, C380, and 
C381. 



The signal is then applied to the gate of Q382A. This 
source-follower drives emitter-follower transistor Q384 
which lowers the Amplifier output impedance. The two FETs 
are a matched pair, and since the gate and source of Q382B 
are connected together, Q382B will supply source current 
for Q382A such that there will be no voltage drop across the 
gate-source junction of Q382A. Protection-diode CR381 
clamps the signal at the gate of Q382A to about -9 V. The 
Amplifier output will drive the A Trigger Generator through 
forward-biased CR393 whenever the A SOURCE switch is 
set to EXT. When the A SOURCE switch is not set to EXT, 
the base-emitter junction of Q384 will be reverse biased and 
the Amplifier will be disabled. 



Line Trigger Amplifier 

The Line Trigger Amplifier supplies a line-frequency trig- 
ger signal to the A Trigger Generator when the A SOURCE 
switch is in the LINE position. 



Transformer T390 in the Power Supply provides a line- 
frequency signal through R397 to Q397. Diode CR399 is 
forward biased when S392 is in the LINE position, and the 
emitter signals of Q397 will drive the A Trigger Generator. 



A TRIGGER GENERATOR 

The A Trigger Generator, shown on Diagram 3, supplies 
trigger signals to the A Sweep Generator. Included in the 
A Trigger Generator circuit are the P-P Auto Trigger, Auto 
Baseline, and TV Triggering circuitry. 



A Trigger Level Circuit 

The A Trigger Level Circuit establishes voltages at the 
ends of the A TRIGGER LEVEL potentiometer as a function 
of the A TRIGGER push button selection and trigger signals 
selected by the A SOURCE switch. 



In the P-P Auto and TV Field modes, Q413 is off and 
CR414 and CR415 are reverse biased. Trigger signals se- 
lected by the A SOURCE switch are applied to peak detec- 
tors consisting of Q420-Q422 and Q421-Q423. These peak 
detectors track dc levels and have a high voltage transfer 
efficiency. The positive- and negative-peak signal levels 
stored by C414 and C415 are near the peak levels of the 
trigger signal. Amplifiers U426A and U426B are configured 
as voltage followers with transistors Q428 and Q429 in the 
feedback loops. These transistors thermally compensate for 
Q420 and Q421 and level shift the amplifier outputs back to 
the original dc levels of the input trigger signals. The output 
of U426A will be the positive peak voltage of the input trig- 
ger signal and the output of U426B will be the negative peak 
voltage. Potentiometers R434 and R435 adjust for dc off- 
sets in the trigger circuitry. 



In the Norm mode, -1-8.6 V is applied to the junction of 
R41 1 and R414. Diode CR414 is forward biased, turning on 
Q413 which forward biases CR415. Input transistors Q420 
and Q421 are then biased off and no trigger signals will 
reach the A Trigger Level circuit. The inputs and outputs of 
U426A and U426B will then be fixed voltages and indepen- 
dent of trigger-signal amplitude. 



A Trigger Level Comparator 

The A Trigger Level Comparator compares signals se- 
lected by the A TRIGGER SOURCE switch to a voltage set 
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by the A TRIGGER LEVEL control. Positive or negative 
slope triggering is selected by the A TRIGGER SLOPE 
switch. 



Transistors U460B and U460E compare the wiper volt- 
age on the A TRIGGER LEVEL control to the input trigger 
signal, and the transistor with the higher base voltage will 
conduct more of the available emitter current. The output 
collector currents supply emitter current to two transistor 
pairs which serve as cross-wired switches that are biased 
on or off by the A TRIGGER SLOPE switch. When S464 is 
set to the positive slope position, U460C and U460F are 
biased on and U460A and U460D are biased off. For the 
negative slope position, the transistors reverse states to in- 
vert the comparator output polarity. 



A Schmitt Trigger and TV Trigger Circuit 

This circuitry generates a signal that drives the A Trigger 
Logic as a function of the Trigger Level Comparator output 
signal and the A TRIGGER Mode switches. 



The output signals from the A Trigger Level Comparator 
drive Q460 and Q463. These transistors are configured as a 
current mirror that converts the differential output to a sin- 
gle-ended current to drive amplifier U480C. Slope Balance 
potentiometer R471D corrects for dc offsets between posi- 
tive and negative slope. Shunt-feedback amplifier U480C 
converts a current input to a voltage output to drive the 
input of the Schmitt Trigger. U480D, through R469. Positive 
feedback for the Schmitt Trigger is provided by potentiom- 
eter R479, and C479 reduces trigger jitter by increasing 
positive feedback at higher frequencies. The setting of R479 
determines the circuit hysteresis. 



When TV Field is not selected, the TV Trig Enable line 
connected to R402 and R473 is LO. Transistors Q402 and 
Q403 are biased off and a LO is placed on one input of 
U480A by R474. This LO input will cause U480A to invert 
the output from U480D. With Q403 off, a LO will be placed 
on one input of U480B by R405 and U480B will also act as 
an inverter. The A Trigger signal at the output of U480B is 
therefore the same as the input signal to U480A. 



When TV Field is selected, the TV Trig Enable line is Hi. 
The outputs of U480D will determine the conduction states 
of Q402 and Q403, and the input of U480A connected to 
R473 will be HI. The output of U480A will be LO and U480B 
will invert the signal at its other input. Signals at the collec- 
tor of Q403 are filtered by C408, R405, and C405 to reject 
TV video information and average the TV horizontal-sync 
pulses. Setting the trigger-level threshold near the center of 
the horizontal-sync-pulse swing establishes the untriggered 
level. When the TV vertical-sync block occurs, the output of 
the filter applied to U480B pin 7 rises to a level that will 
cause the Schmitt Trigger circuit to switch. Precise TV field 
synchronization is obtained as a result of this filtering action. 
The A Trigger signal output will be the inverse of the filtered 
signal appearing at U480B pin 7. 



A SWEEP GENERATOR AND LOGIC 

The A Sweep Generator and Logic circuitry, shown on 
Diagram 4, produces a linear voltage ramp that is amplified 
by the Horizontal Amplifier to provide horizontal deflection 
of the crt beam. The Sweep Generator circuits also produce 
signals that are used to generate correct timing of the crt 
unblanking and intensity levels used for viewing the display. 
See Figure 3-3 for the block diagram of the A Sweep Gen- 
erator and Logic circuitry. 




Figure 3-3. Block diagram of the A Sweep Generator and Logic circuitry. 
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The Sweep Logic circuitry controls the holdoff time, 
starts the sweep upon reception of a trigger signal, and ter- 
minates the sweep at the proper sweep level. When using 
P-P Auto or TV Field triggering, the Sweep Logic circuitry 
will cause the Sweep Generator to free run. producing a 
baseline trace if a trigger signal is not received within a 
predetermined time period. 



A Miller Sweep Generator 

The A Miller Sweep Generator produces a linear voltage 
ramp that drives the Horizontal Amplifier. It produces this 
ramp by maintaining a constant current through timing ca- 
pacitors to obtain a linearly increasing voltage. 



Field-effect transistors Q704A and Q704B are matched 
devices with Q704B sourcing current for Q704A. Since the 
gate and source of Q704B are connected together, the 
source current of Q704A will be of a magnitude such that 
there is no voltage drop across its gate-source junction. 



When the sweep is not running, Q701 is biased on to 
hold the timing capacitors in a discharged state. The low 
impedance of Q701 in the feedback path holds the A Miller 
Sweep output near ground potential. The voltage across 
Q701 , in addition to the base-emitter voltage of Q706, pre- 
vents saturation of the output device. 



A sweep ramp is initiated when Q576 is biased off. This 
will bias off Q701 and the timing capacitors can charge at a 
rate determined by timing resistors R701 and R702 and the 
position of A SEC/DIV switch S701 . One end of timing resis- 
tor R701 is connected to the wiper of R721 and the other 
end is connected to the input of the Miller integrator. Due to 
feedback from the circuit output through the timing capac- 
itors, the integrator input voltage remains fixed and estab- 
lishes a constant voltage across the timing resistors. This 
constant voltage, which produces a constant current 
through the timing capacitors, results in a linearly increasing 
voltage at the output of the A Miller Sweep circuit. 



When the output reaches approximately 12 V, the Sweep 
Logic circuitry will initiate the holdoff period in which Q701 is 
turned on and the A Sweep Generator is reset. This holdoff 
period is necessary so that the timing capacitors can be fully 
discharged before another sweep starts. Capacitors C702 
and C703 are always in the charging circuit and are used for 
high sweep speeds. Capacitor C701A in series with C701B 
are used for medium sweep speeds, and C701 B is used for 
slow sweep speeds. 



The Sec/Div Variable circuitry utilizes an operational am- 
plifier to maintain a constant reference voltage at one end of 
R721 independent of the circuit load. The voltage applied to 



the timing resistors varies with the rotational position of 
R721. the SEC/DIV Variable control. A fixed dc voltage is 
applied to the noninverting input of the operational amplifier 
and feedback resistors R717 and R718 establish double 
that voltage at the anode of VR720. 



A Sweep Logic 

The A Sweep Logic circuitry controls sweep generation, 
as a function of incoming trigger signals and the A Trigger 
mode selected. 



Incoming trigger signals from the output of U480B will 
clock U502, a one-shot multivibrator, and cause the Q out- 
put to go from LO to HI. If another trigger signal is not 
received by U502 within a time period determined by the 
time constant of R503 and C501, the Q output will_return 
LO. Whenever trigger signals are being received, the Q out- 
put of U502 will bias on Q509 and illuminate TRIG D LED 
DS518. The output state of U502 is used in the Auto Base- 
line circuit as described in the U P-P AUTO and TV FIELD" 
section. 



NORM. When NORM Trigger mode is selected, input pin 
12 of U532D is held HI by S401B, causing the gate output 
to also be HI. The output of U532C will then be LO and 
U506A will not be held reset. Input pin 4 of U532A is held HI 
by S401C, causing the output to be LO which places a LO 
on the D input of U506A. Trigger signals received at the 
clock input of U506A will then clock this LO to the Q output. 



During the previous holdoff period, U506A had been set 
by U532B so that the Q output went LO. This biased on 
Q576 and the A Miller Sweep was prevented from running. 
Whenever U506A is clocked following holdoff by a trigger 
signal, the LO on the D input will be transferred to the Q 
output and the Q output will go HI. This will bias off Q576 
and the A Miller Sweep will generate the sweep ramp as 
described in the “A Miller Sweep Generator" section. When 
the ramp voltage is about 12 V, Q525 will be biased on. The 
output of U532B will change from LO to HI, setting U506A 
and biasing on Q576. With Q576 conducting, holdoff one- 
shot U504B will be triggered and the A Miller Sweep Gen- 
erator will be reset to turn off Q525. 



With U504B triggered, the Q output changes from HI to 
LO and will stay LO for a time duration determined by the 
Var Holdoff circuitry and the A SEC/DIV switch position. 
VAR HOLDOFF potentiometer R9521 determines the 
amount of charging current available to charge C518, C519 
or C520 at pin 15 to the threshold voltage level on pin 14. 
During the time the Q output is LO, the set input of U506A is 
held HI so that no trigger pulses can initiate a new sweep. 
When pin 15 of U504B reaches the threshold voltage on pin 
14, the Q output goes HI to end the holdoff period and re- 
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lease U506A from the set condition. The circuit is then en- 
abled to generate another sweep once a trigger signal is 
again applied to the clock input of U506A. 



P-P AUTO and TV FIELD. When P-P Auto or TV Field is 
selected, the Auto Baseline configuration is enabled. Pin 12 
of U532D is held LO by R569 and the output will follow the 
signal provided by the Q output of U502. If trigger signals 
are being received by U502, the output of U532D will be HI 
and cause the output of U532C to be LO. Flip-flop U506A 
will respond to trigger signals as described in the “NORM" 
section. If trigger signals are not being received by U502, 
the output of U532D will be LO. The output of U532C will 
then be the inverse of the input signal applied to pin 1 1 so 
that U506A will be reset when holdoff ends, causing a 
sweep to be generated. With no new trigger pulses being 
applied to the circuitry, U506A will be continuously set and 
then reset in this manner to generate sweeps. 



SGL SWP. In the Sgl Swp mode, both the P-P AUTO and 
NORM buttons are out. This results in a LO at the output of 
U532C so that U506A is not held reset. A LO is also on 
input pin 4 of U532A. 



During the previous holdoff period, U532B had reset 
U506B to cause the Q output to be LO. The D input of 
U506A wilMtherefore be HI and clock signals to the gate will 
keep the Q output LO and the sweep disabled. When the 
SGL SWP button is pushed in, the Q output of U504A will 
go LO for a time period determined by the time constant of 
R504 and C504 and then return HI. This HI will then clock 
through the HI on the D input of U506B to the Q output. 
Consequently the output of U532A will go LO and CR514 
will be reverse biased to bias on Q51 1 and light the READY 
LED. The next trigger pulse applied to the clock input of 
U506A will then initiate a sweep as described previously. At 
the end of the sweep, U506B will again be reset, causing 
the TRIG'D LED to go out and place a HI on the D input of 
U506A. A new sweep will not be initiated until the SGL SWP 
button is again pushed. 



X-Y. In the X-Y mode of operation, the XY line is LO 
which holds the input of U532B LO through CR518. The 
output of U532B will hold U506A set and no sweeps can be 
initiated. 



ALTERNATE B SWEEP 

The Alternate B Sweep circuitry, shown on Diagram 5, 
produces a linear voltage ramp that is amplified by the Hori- 
zontal Amplifier to provide the B Sweep horizontal deflec- 
tion on the crt. The Alternate B Sweep circuitry also 
produces the sweep-switching signals that control the dis- 
play of the A and B Sweeps, and the gate signals used by 



the Intensity and Z-Axis circuits to establish the crt 
unblanking and intensity levels needed for producing both 
the A Intensified and B Sweep displays. 



The B Sweep ramp is enabled by the B Sweep Logic 
circuit either immediately after the end of the established 
delay time (Runs After Delay) or upon receipt of the first 
trigger signal after the delay time has elapsed. This delay 
time is a function of the B Delay Time Position Comparator 
circuit and the A sweep. 



B Miller Sweep Generator 

The B Miller Sweep Generator is composed of Q709. 
Q710A, Q710B, Q712, and associated timing components. 
This circuit produces the B Sweep and functions in the 
same manner as the A Miller Sweep Generator; see the 
“A Miller Sweep Generator" section for a description of cir- 
cuitry operation. The output at the collector of Q712 drives 
the Horizontal Amplifier and Q643. 



B Trigger Level Comparator 

The B Trigger Level Comparator is composed of transis- 
tor array U605, U625C, Q619. and Q620. This circuit deter- 
mines both the trigger level and slope at which the 
B triggering signal is produced. It functions in the same 
manner as the A Trigger Level Comparator with the exclu- 
sion of the TV Trigger and Trigger View circuitry. See the “A 
Trigger Level Comparator" section for a description of the 
circuit operation. Buffering of the inverting and noninverting 
outputs of U625D is provided by U625A and U625B, and 
Q630 and Q631 level shift the signals to TTL levels. The 
circuit output at the collector of Q630 supplies trigger sig- 
nals to clock U670A. 



Runs After Delay 

The Runs After Delay circuit allows the B Sweep Logic to 
generate a B Sweep independently of any B Trigger signals. 
In the Runs After Delay mode, B TRIGGER LEVEL control 
R602 is rotated fully clockwise. This biases off Q637 and 
places a LO on the collector. Inverter U660D will then have 
a HI output with resistor R640 providing positive feedback. 
The output of U660A will therefore be LO and U670A will be 
held set with the Q output LO. 



If the B TRIGGER LEVEL control is not fully clockwise, 
Q637 is biased on and the B Sweep is in the triggered 
mode. The output of U660D will be LO, the output of U660A 
will be HI, and U670A will no longer be held set. 

Operation of the B Sweep Logic circuitry under both of 
these conditions is described in the “B Sweep Logic” 
discussion. 
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B Delay Time Position Comparator 

The B Delay Time Position Comparator circuit compares 
the amplitude of the A Sweep sawtooth output voltage to 
the dc voltage level set by B DELAY TIME POSITION 
potentiometer R6440. The output of the comparator is used 
to initiate a B Sweep and to control the B Z-Axis Logic 
circuit switching. 



The inputs to the comparator, U655, are the wiper volt- 
age of R9644 and the A Sweep voltage from the divider 
network composed of R651. R652, and R653. Input voltage 
ranges to the comparator are determined by VR645 and 
R646 for the noninverting input and by R652 for the invert- 
ing input. Delay Start potentiometer R646 is adjusted in 
conjunction with potentiometer R652 to set the B DELAY 
TIME POSITION dial calibration. 



The output of the comparator is enabled o r disab led by 
the strobe signal connected to pin 6. When the A Only signal 
is HI. the comparator is enabled. When A Only is LO, the 
output of the comparator is a high impedance and therefore 
the B trace will not be displayed. 

B Sweep Logic 

The B Sweep Logic circuitry utilizes signals from the as- 
sociated B Sweep circuitry to generate control signals for 
both the B Miller Sweep and the B Z-Axis Switching Logic 
circuits. 



In the Runs After Delay mode, U660A places a LO on the 
S input of U670A. During the previous holdoff period, 
U680D pin 13 strobed LO. The output of the flip-flop com- 
posed of U680C and U680D went HI jand the output of 
U660F went LO. With both the S and R inputs of U670A 
LO, the Q output is HI to bias on Q709 and prevent the 
B Miller Sweep from running. Once the A Sweep voltage at 
U655 pin 3 exceeds the voltage at pin 2. the comparator 
output will go LO. The flip flop composed of U680C and 
U680D will change output statesjand cause the R input of 
U670A to be HI. The LO on the S input will then cause the 
Q output of U670A to go LO. This will shut off Q709 and the 
B Miller Sweep Generator will produce a linear ramp. If the 
ramp voltage reaches about 12 V, sweep-end comparator 
Q643 will turn on and cause the output of U665D to go HI. 
The B Miller Sweep Generator will continu e to run, but the 
trace will be blanked because the B Gate line is HI which 
reverse biases CR817. Once the ramp is at approximately 
13 V, VR712 will conduct and prevent the voltage from in- 
creasing further. 



The B Sweep Generator will be reset for another sweep 
by one of two means. If the A Sweep doesn’t end before the 
B Sweep, the Generator will not be reset until the Alt Sync 



line goes from HI to LO to change the U680C-U680D flip-flip 
output states. The R input of U670A will then be LO, caus- 
ing the Q output to be HI and reset the Generator. Depend- 
ing on the settings of the A and B SEC/DIV switches, the A 
Sweep may end before the B Sweep. If this occurs, the Alt 
Sync line will go LO at the end of the A Sweep and cause an 
immediate resetting of the Generator. In either case, a new 
sweep will be initiated the next time the A Sweep voltage at 
U655 pin 3 exceeds the voltage at pin 2. 



When not in the Runs After Delay mode, the output of 
U660A is HI and U670A has a HI on both the S and D 
inputs. The circuitry connected to the R input of U670A 
functions as described above. When the output of U660F 
goes HI, U670A is no longer held reset and the first B trigger 
signal from the collector of Q630 will clock through the HI on 
the D input. The Q output of U670A will then go LO and a 
B Sweep will be initiated. 



Alternate Display Switching Logic 

The B Horizontal Amplifier Sweep Switching and the B Z- 
Axis Logic switching. 

HORIZONTAL MODE switch S648 selects the input logic 
levels that are applied to the circuitry. In the_A Horizontal 
Mode, the S input of U670B is LO and the R input is HI. 
This holds U670B set and allows only the A Sweep to be 
passed to the Horizontal Amplifier. In the B Horizontal 
mode, the set input of U670B is HI and the reset input is LO 
to hold U670B reset and allow only the B Sweep to reach 
the Horizontal Amplifier. 



With S648 set to ALT, and for all settings of t he VERTI- 
CAL MODE switches except BOTH-ALT, the Valt signal ap- 
plied to U660E and the S and R inputs of U670B are all HI. 
The LO output of U660E causes the output of U680B to be 
HI, and whenever the Alt Sync signal applied to pin 1 goes 
LO. the gate output will change from LO to HI and clock 
U670B. The outputs of U670B will therefore toggle with 
each Alt Sync signal transition to alternately enable the A 
and B Sweeps to reach the Horizontal Amplifier. Whenever 
the B Sweep is selected for the Horizontal Amplifier, the Q 
output of U670B will be HI. This HI jsjipplied to U665C pin 
9, and since pin 10 is also HI. the Sep signal from U665C 
will be LO to enable the A/B Sweep Separation circuitry. 

When the CH 1-BOTH-CH 2 VERTICAL MODE switch is 
set to BOTH, the ADD-ALT-CHOP switch becomes func- 
tional. In the ALT VERTICAL MODE position, the Valt signal 
is LO, the Halt signal is HI, and the CH 1 Selected signal is a 
TTL square wave that switches states at the end of the A 
Sweep. Input pin 4 of U680B will be HI and the gate output 
will be the inverse of the CH 1 Selected signal. This output 
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signal is NANDed with the Alt Sync signal by U680A to 
clock U670B. Whenever the Alt Sync signal goes LO at the 
end of a sweep and the Ch 1 Selected signal switches from 
LO to HI, U670B will be clocked. Since only positive transi- 
tions on the clock input will cause the flip-flop to change 
output states, two A Sweeps are required to cause the flip- 
flop output levels to switch. With this switching arrange- 
ment, the crt will first display the two A Intensified Sweeps 
and then the two Alternate B Sweeps. 



B Z-Axis Logic 

The B Z-Axis Logic circuitry switches signal current lev- 
els to drive the Z-Axis Amplifier for both the B and the A 
Intensified Sweep displays. The current supplied is summed 
with the other signal inputs on the Z-Drive line. 



When the HORIZONTAL MODE switch is in the ALT po- 
sition, p in 5 of U665B is HI. The outputs of U670B and the 
B Gate signal from the output of U665D together with the 
INTENSITY controls determine the intensity of the A and B 
Sweeps. 



When the A Sweep is displayed, the Q output of U670B 
is HI and the Q output is LO. These output levels will bias on 
Q680 and bias off Q685. The emitter voltage of Q680 will 
reverse bias CR817 to prevent Z-Axis drive current from 
flowing through the diode. With Q685 off. additional Z-Axis 
drive current to intensify the A Sweep will be supplied when- 
ever CR685 is biased off. Since input pin 5 of U665B is HI, 
the gate output and therefore the conduction state of 
CR685 is determined by U665B pin 4. Whenever the B 
Sweep is running, the output of U665D will be LO. This will 
cause the output of U665B to also be LO and CR685 will be 
biased off. If the B Sweep is not running, the output of 
U665B will be HI and CR685 will be biased on. This will bias 
off CR816 and the A Sweep will not be intensified. 



If the outputs of U670B are set to display the B Sweep 
(Q LO and Q HI), Q680 will be biased off and Q685 will be 
biased on. The emitter voltage of Q685 will reverse bias 
CR816 to prevent Z-Axis drive current from flowing through 
the diode. With Q680 off, the B Sweep will be displayed if 
CR680 is reverse biased. Whenever the B Sweep is running, 
the output of U665D is LO. Diode CR680 will then be re- 
verse biased and Z-Axis drive current will flow through 
CR817. If the B Sweep is not running, the output of U665D 
is HI, forward biasing CR680 and therefore reverse biasing 
CR817. No Z-Axis drive current can then flow through 
CR817. 



HORIZONTAL 

The Horizontal Amplifier circuit, shown on Diagram 6, 
provides the output signals that drive the horizontal crt de- 



flection plates. Signals applied to the Horizontal Preamplifier 
can come from either the A or the B Miller Sweep Generator 
(for sweep deflection) or from the XY Amplifier (when X-Y 
display mode is selected). Sweep switching is under control 
of the Alternate Display Switching Logic circuit. See Figure 
3-4 for the block diagram of the Horizontal Amplifier. 



The Horizontal POSITION control. XI 0 Magnifier cir- 
cuitry, and the horizontal portion of the Beam Find circuitry 
are also contained in the Horizontal Amplifier circuit. 



Horizontal Preamplifier 

The Horizontal Preamplifier selects display modes and 
amplifies input signals for application to the Horizontal Out- 
put Amplifier. 



The A and B Sweeps, selected by U670B in the Alternate 
Sweep circuitry, are applied to the emitters of Q742 and 
Q732 respectively through gain potentiometers R740 and 
R730. The transistors are biased into the active or cutoff 
regions by the control voltage applied at the cathodes of 
CR732 and CR742. Switching between the A and B 
Sweeps occurs within U760, with a negative input at pin 10 
or 9 disconnecting the respective sweep from the rest of the 
amplifier. The Horizontal POSITION control adjusts the crt 
trace position through pin 14. Output bias current levels are 
set by R751 at pin 5 and frequency compensation for X-Axis 
signals is provided by C751 connected to pin 13. 



Horizontal XI 0 Gain is set by the resistor network con- 
nected between pins 3 and 6. When the XI 0 Magnifier is on, 
S721 is closed and the timing adjustment is made using 
R754. Magnifier registration is adjusted by R749 so that 
there is no horizontal trace shift when switching between 
the XI 0 Magnifier on and off positions. 



X-Y Amplifier 

The X-Y Amplifier amplifies the Channel 1 signal from the 
Internal Trigger circuitry for application to the Horizontal 
Preamplifier. 



When the X-Y mode is selected, Q737 is biased on to 
establish a HI on U760 pin 12 so that the A and B Sweeps 
are disconnected from the Preamplifier outputs. The XY sig- 
nal line will be LO and Q756 will be biased off to enable the 
X-Axis signal to drive the noninverting input of U758. The 
output of U758 will then be a function of the X-Axis signal 
and the Horizontal POSITION control wiper voltage. The X- 
Axis signal gain is adjusted by R760 and the input voltage 
from the Horizontal POSITION control at pin 14 is discon- 
nected within U760 so that it does not affect the Preampli- 
fier output. The input signal at pin 11 from U758 will be 
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Figure 3-4. Block diagram of the Horizontal Amplifier. 



converted to a differential output signal and applied to the 
Horizontal Output Amplifier. 



When the X-Y mode is not selected, Q756 is biased on 
and the X-Axis signal is shunted to ground. 



Horizontal Output Amplifier 

The Horizontal Output Amplifier provides final amplifica- 
tion of the horizontal signal to drive the horizontal crt deflec- 
tion plates. 



Signals from the (-F) and ( — ) sweep outputs of U760 are 
used to drive two shunt-feedback amplifiers. Due to the 
feedback, the input impedance of these amplifiers is low. 
The base voltages of Q770 and Q780 are at nearly the same 
dc level due to forward-biased diodes CR765 and CR768 
between the two emitters. 



Transistors Q770, Q775, and Q779 form a cascode-feed- 
back amplifier for driving the right crt horizontal deflection 
plate with R775 setting amplifier gain and C775 providing 
high-frequency compensation. For low-speed signals, Q779 
serves as a current source for Q775, and at high sweep 
rates, the ramp is coupled through C779 to the emitter of 
Q779. This provides additional pull-up output current to 



drive the crt at high sweep rates. The amplifier consisting of 
Q780, Q785, and Q789 drives the left crt horizontal deflec- 
tion plate in the same manner as described above with ze- 
ner diode VR782 level shifting the collector signal of Q780. 



The BEAM FIND function is implemented when S390 is 
pushed in to disconnect the cathode of CR764 from the 
-8.6 V supply. The voltage on the cathode of VR764 goes 
positive, causing CR780 and CR770 to be forward biased. 
Current from R764 causes the output common-mode volt- 
age of the two shunt-feedback amplifiers to be shifted nega- 
tive to reduce the available voltage swing at the crt plates. 
This prevents the trace from being deflected off-screen 
horizontally. 



Z-AXIS AMPLIFIER 

The Z-Axis Amplifier, shown on Diagram 7, controls the 
crt intensity level via several input-signal sources. The effect 
of these input signals is either to increase or decrease trace 
intensity or to completely blank portions of the display. The 
Z-Drive signal current as determined by the A and B Z Axis 
Switching Logic and the input current from the EXT Z AXIS 
INPUT connector (if in use) are summed at the emitter of 
common-base amplifier Q825 and thereby determine the 
collector current of the stage. This transistor provides a low- 



3-14 



http://manoman.sqhill.com 



Theory of Operation— 2215A Service 



impedance termination for the input signals and isolates the 
signal sources from following stages of the Z-Axis Amplifier. 



Common-base transistor Q829 establishes a constant 
current through R832. This current is divided between Q825 
and Q829 with the portion through Q829 driving the shunt- 
feedback output amplifier consisting of Q835, Q840, and 
Q845. The bias level of Q825 therefore determines the 
amount of emitter current available to Q829. Feedback-re- 
sistor R841 establishes the transresistance gain which con- 
verts the input current to output voltage. Emitter-follower 
Q835 is dc coupled to Q840, and for low-speed signals 
Q845 acts as a current source. Fast transitions couple 
through C845, providing additional current gain through 
Q845 for fast voltage swings at the output of the Amplifier. 



External Z-Axis input voltages establish proportional in- 
put currents through R822 and R823, and Amplifier sensitiv- 
ity is determined by the transresistance gain of the 
shunt-feedback amplifier. Diode CR823 protects the Z-Axis 
Amplifier if excessive signal levels are applied to the EXT Z 
AXIS INPUT connector. 



The intensity of the crt display in the A, B, and Alt Hori- 
zontal modes is determined by the INTENSITY controls and 
associated circuitry. The A INTENSITY potentiometer con- 
trols the base voltage of Q804 to determine the amount of 
emitter current that will flow through the transistor and 
therefore the level of the Z-Axis signal. Likewise the B IN- 
TENSITY potentiometer will control the base voltage of 
Q814 and the intensity of the B and Alt Sweep displays. 



When only the A Sweep is displayed, Q586 and CR583 
are biased off. The current through R818, as set by the 
A INTENSITY potentiometer, will flow through CR818 and 
Q825 to fix the voltage level at the Z-Axis Amplifier output. 
For a B-only display, Q586 is biased on to reverse bias 
CR818 and prevent A-intensity current from reaching Q825. 
Current determined by the base voltage of Q814 will flow 
through CR817 to Q825 and determine the B Sweep inten- 
sity. For an alternating A and B display, Q586 will be biased 
off when the A Sweep is displayed. During the portion of the 
A Sweep in which the B Sweep runs, current from R816 is 
allowed to flow through CR81 6 by the B Z-Axis Logic circuit 
to provide an intensified zone. 



When CHOP VERTICAL MODE is selected, the Chop 
Blank signal is applied to the collector of Q825 through 
CR824 during the display-switching time. Signal current is 
shunted away from CR825, and the forward bias of Q829 
increases to the blanking level. When blanked, the output of 
the Z-Axis Amplifier drops to a level that reduces the crt 
beam current below viewing intensity during the chop- 
switching transition. 



For an X-Y display, CR818, CR817, and CR816 are re- 
verse biased. The XY signal is LO to reverse bias CR551 
and allow current in R820 to flow through CR820. The crt 
intensity is then controlled by the A INTENSITY potentiom- 
eter which sets the current in R820 through Q804. 



BEAM FIND switch S390 controls the base bias voltages 
of Q825 and Q829. When the BEAM FIND button is out. 
-8.6 V is supplied to a base-biasing network. When the 
button is pushed in, the -8.6 V supply is removed and the 
voltage at the anode of VR828 rises to about -5.6 V. This 
turns off Q829 so that the amplifier output voltage is deter- 
mined by R835, R846 and the voltage at the BEAM FIND 
switch, as set by other parts of the Beam Find circuitry. The 
output voltage of Q835 will then be at a level such that the 
beam is visible regardless of Z-Drive signals, or the setting 
of the INTENSITY control. 



Dc Restorer 

The Dc Restorer circuit produces the crt control-grid bias 
and couples both dc and ac components of the Z-Axis Am- 
plifier output to the crt control grid. Direct coupling of the Z- 
Axis Amplifier output to the crt control grid is not employed 
due to the high potential differences involved. Refer to Fig- 
ure 3-5 during the following discussion. 



Ac drive to the Dc Restorer circuit is obtained from pin 1 6 
of T948. The drive voltage has a peak amplitude of about 
± 100 V, a frequency of about 20 kHz, and is coupled into 
the Dc Restorer circuit through C853 and R853. The cath- 
ode of CR851 is biased by the voltage applied from the 
wiper of Grid Bias potentiometer R851, and the ac-drive 
voltage will be clamped whenever the positive peaks reach a 
level that forward biases CR851. 



The Z-Axis Amplifier output voltage, which varies be- 
tween -MO V and +75 V, is applied to the Dc Restorer at 
the anode of CR853. The ac-drive voltage will hold CR853 
reverse biased until the voltage falls below the Z-Axis Ampli- 
fier output voltage level. At that point, CR853 becomes for- 
ward biased and clamps the junction of CR851 . CR853, and 
R854 to the Z-Axis output level. Thus, the ac-drive voltage 
is clamped at two levels to produce a square-wave signal 
with a positive dc-offset level. 



The Dc Restorer is referenced to the -2 kV crt cathode 
voltage through R858 and CR854. Initially, both C855 and 
C854 will charge up to a level determined by the difference 
between the Z-Axis output voltage and the crt cathode volt- 
age. Capacitor C855 charges from the Z-Axis output 
through R858, CR854, and CR855, to the crt cathode. Ca- 
pacitor C854 charges through R858, CR854, R854, and 
CR853 to the crt cathode. 
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Figure 3-5. Simplified diagram of the Dc Restorer circuitry. 



During the positive transitions of the ac drive, from the 
lower clamped level toward the higher clamped level, the 
charge on C854 increases due to the rising voltage. The 
voltage increase across C854 is equal to the amplitude of 
the positive transition. The negative transition is coupled 
through C854 to reverse bias CR854 and to forward bias 
CR855. The increased charge of C854 is then transferred to 
C855 as C854 discharges toward the Z-Axis output level. 
Successive cycles of the ac input to the Dc Restorer will 
charge C855 to a voltage equal to the initial level plus the 
amplitude of the clamped square-wave input. 



The added charge on C855 determines the control-grid 
bias voltage. If more charge is added to that already present 
on C855, the control grid becomes more negative and less 
crt writing-beam current will flow. Conversely, if less charge 
is added, the control-grid voltage level will be closer to the 
cathode-voltage level and more crt writing-beam current 
flows. 



During periods that C854 is charging, the crt control-grid 
voltage is held constant by the long time-constant discharge 
path of C855 through R860. 



Fast-rise and fast-fall transitions of the Z-Axis output sig- 
nal are coupled to the crt control grid through C855 to start 



the crt writing-beam current toward the new intensity level. 
The Dc Restorer output level then follows the Z-Axis output- 
voltage level to set the new bias voltage for the crt control 
grid. 



Neon lamps DS858 and DS856 protect the crt from ex- 
cessive grid-to-cathode voltage if the potential on either the 
control grid or the cathode is lost for any reason. 



POWER SUPPLY AND PROBE ADJUST 

The Power Supply circuitry converts the ac power-line 
voltage into the voltages needed for instrument operation. It 
consists of the Power Input, Preregulator, and Inverter cir- 
cuits (which drive the primary of the power transformer) and 
secondary circuits (which produce the necessary supply 
voltages for the instrument). 



Power Input 

The Power Input circuit converts the ac power-line volt- 
age to filtered dc for use by the Preregulator. 



POWER switch S901 connects the ac power line through 
fuse F9001 to the bridge rectifier composed of CR901, 
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CR902, CR903, and CR904. The bridge full-wave rectifies 
the source voltage, and the output is filtered by C906. Input 
surge current at the time of instrument power-up is limited 
by thermistor RT901. The thermistor resistance is moder- 
ately high when the power is first turned on, but decreases 
as the input current warms the device. The instrument is 
protected from large voltage transients by suppressor 
VR901 . Conducted interference originating within the power 
supply is attenuated by common-mode transformer T901, 
differential-mode transformer T903, line filter FL9001, and 
capacitors C900, C901, and C902. 



Preregulator 

The Preregulator provides a regulated dc output voltage 
for use by the Inverter circuitry. 



When the instrument is turned on, the voltage developed 
across C906 will charge C925 through R926. When the volt- 
age has risen to a level high enough that U930 can reliably 
drive Q9070, U930 will receive operating supply voltage 
through Q930. This level is set by zener diode VR925 in the 
emitter of Q928 and by the voltage divider consisting of 
R925 and R927. The zener diode will keep Q928 off until the 
base voltage reaches approximately 6.9 V. Then Q928 will 
be biased into conduction and the resulting collector current 
will cause a voltage drop across R929. This voltage drop 
will bias on Q930. and the positive feedback through R930 
will reinforce the turn-on of Q928. Thus Q930 and Q928 will 
drive each other into saturation very quickly. Once Q930 is 
on, U930 will begin to function. 



Pulse-width modulator U930 controls the output voltage 
of the Preregulator by regulating the duty cycle of the pulse 
applied to the gate of Q9070. It utilizes an oscillator with the 
frequency determined by R919 and C919 (approximately 
60 kHz) and with a sawtooth output voltage at pin 5. This 
sawtooth voltage is compared internally with the output 
voltage produced by the two error amplifiers. Whenever the 
sawtooth voltage is greater than the error amplifier output 
voltage, Q9070 is biased on to supply current to both C940 
and the rest of the circuitry. The two error amplifiers main- 
tain a constant output voltage and monitor the output cur- 
rent of the Preregulator. One input of each amplifier is 
connected through a divider network to the 1C internal +5-V 
reference. The output voltage of the Preregulator is moni- 
tored by the voltage divider at pin 2. The voltage drop 
across R907, produced by the Preregulator output current, 
is applied to the current limit amplifier at pin 16. 



When the instrument is first turned on, the current limit 
amplifier controls the conduction time of Q9070. While 
Q9070 is conducting, the output current increases until a 
sufficiently large voltage drop is developed across R907 to 
invoke the current-limit mode. The current limit amplifier 
holds the output current below the current-limit threshold of 



approximately 1 A. When the voltage across C940 reaches 
approximately 43 V, the voltage amplifier starts controlling 
the duty cycle of Q9070 and the Preregulator will not limit 
current unless there is excessive current demand. 



With Q9070 off, C907 charges to the output voltage of 
the Power Input circuit. When Q9070 turns on, current 
through the FET will come from the winding connected to 
pins 1 and 2 of T906 and from C907. Current to C907 is 
supplied by the winding connected to pins 4 and 5 of T906. 
When U930 shuts off Q9070, the collapsing magnetic field 
will raise the voltage at the anode of CR907. This diode then 
becomes forward biased and passes the currents supplied 
by C907 and the winding connected to pins 4 and 5 of T906. 
For this part of the cycle, current to C907 will be supplied by 
the winding connected to pins 1 and 2 of T906. This process 
will continue for each period of the oscillator, and the duty 
cycle controlling the conduction period of Q9070 will be al- 
tered as necessary to maintain 43 V across C940. To shut 
off Q9070 during each oscillator period. Q908 is used to 
discharge the gate-drain capacitance. Pin 10 of U930 goes 
LO, reverse biasing CR908 and turning on Q908 to shut off 
the FET. 



Once the supply is running, power to U930 will be sup- 
plied from the winding connected to pins 6 and 7 of T906. 
Diode CR920 half-wave rectifies the voltage across pins 6 
and 7 to keep filter capacitor C925 charged and to maintain 
supply voltage to U930 through Q930. 



Instrument protection from excessive output voltage is 
supplied by silicon-controlled rectifier Q935. Should the 
Preregulator output voltage exceed 51 V, zener diode 
VR935 will conduct, causing Q935 to also conduct. The 
Preregulator output current will then be shunted through 
Q935, and the output voltage will very quickly go to zero. 
With the supply voltage of U930 no longer being provided by 
the winding connected to pins 6 and 7 of T906, the 
Preregulator will shut down and Q935 will be reset. The 
supply will then attempt to power up, but may again shut 
down if the overvoltage condition is again reached. This se- 
quence continues until the overvoltage condition is 
corrected. 

Inverter 

The Inverter circuit changes the dc voltage from the 
Preregulator to ac for use by the supplies that are con- 
nected to the secondaries of T948. 



The output of the Preregulator circuit is applied to the 
center tap of T948. Power-switching transistors Q946 and 
Q947 alternate conducting current from the Preregulator 
output through the primary windings of T948. The transistor 
switching action is controlled by T944, a saturating base- 
drive transformer. 



3-17 



http://manoman.sqhill.com 



Theory of Operation — 221 5A Service 



When the instrument is first turned on, one of the switch- 
ing transistors will start to conduct and its collector voltage 
will drop toward the common voltage level. This will induce a 
positive voltage from the lead of T944 which is connected to 
the base of the conducting transistor and reinforce conduc- 
tion. Eventually T944 will saturate, and as the voltage 
across T944 (and T948) begins to reverse, the conducting 
transistor will cut off because of the drop in base drive. The 
other transistor will not start conduction until the voltage on 
the leads of T944 reverse enough to bias it on. This process 
will continue, and the saturation time of T944 plus the tran- 
sistor-switching time will determine the frequency of Inverter 
operation (typically 20 kHz). After the initial Inverter start up, 
the switching transistors do not saturate; they remain in the 
active region during switching. 



Diodes CR946 and CR947 serve as a negative-peak de- 
tector to generate a voltage for controlling the output of the 
error amplifier. Capacitor C943 charges to a voltage equal 
to the negative peak voltage at the collectors of Q946 and 
Q947, referenced to the Preregulator input voltage. This 
voltage level is applied to the divider composed of R937, 
R938, and R939. The error amplifier, composed of Q938 
and Q939, is a differential amplifier that compares the refer- 
ence voltage of VR943 with the voltage on the wiper of 
potentiometer R938. The current through Q939 will set the 
base drive of Q944 and thereby control the voltage on 
C944. This voltage will bias Q946 and Q947 to a level that 
will maintain the peak-to-peak input voltage of T948. The 
amplitude of the voltage across the transformer primary 
winding, and thus that of the secondary voltages of T948, is 
set by adjusting -8.6 V Adj potentiometer R938. 



At turn on, Q938 is biased off and Q939 is biased on. All 
the current of the error amplifier will then go through Q939 
to bias on Q944. Diode CR945 allows the base of Q944 to 
go positive enough to initially turn on Q946 or Q947. The 
current through Q944 controls the base drive for Q946 and 
Q947. Base current provided by base-drive transformer 
T944 will charge C944 negative with respect to the Inverter 
circuit floating ground (common) level. 



Crt Supply 

High-voltage multiplier U975 utilizes the 2-kV winding of 
T948 to generate 12 kV to drive the crt anode. It also uses 
an internal half-wave rectifier diode to produce -2 kV for 



the crt cathode. The -2 kV supply is filtered by a low-pass 
filter composed of C975, C976, R976, R978, and C979. 
Neon lamp DS870 protects against excessive voltage be- 
tween the crt heater and crt cathode by conducting if the 
voltage exceeds approximately 75 V. 



Focus Circuit 

Focus voltage is also developed from the -2 kV supply 
via a voltage divider composed of R894, R892, FOCUS 
potentiometer R893, R891, R890, R889. R888, and Q885. 
The focus voltage tracks the A-intensity level through the 
action of Q885. The emitter voltage of Q804, set by the A 
INTENSITY control, is applied to the emitter of Q885 
through R885. When the emitter voltage of Q804 changes, 
the current through Q885 changes proportionally and alters 
the voltage at one end of FOCUS control R893. 



Low-Voltage Supplies 

The low-voltage supplies utilize center-tapped secondary 
windings of T948. The +100 V supply uses CR954 and 
CR955 for rectification and C954 for filtering. Diodes CR956 
and CR957 rectify ac from taps on the 100 V winding, and 
C956 filters the output to produce +30 V dc. The diode 
bridge consisting of CR960, CR961, CR962, and CR963 
produces the +8.6 V and -8.6 V supplies. Filtering of the 
+ 8.6 V is accomplished by C960, C962, and L960; filtering 
of the -8.6 V is done by C961, C963, and L961. The +5.2 
V supply is produced by CR967, CR970, C968, R971, and 
C970. 



Probe Adjust 

The Probe Adjust circuitry, shown on diagram 6, utilizes 
a square-wave generator and a diode switching network to 
produce a negative-going square-wave signal at PROBE 
ADJUST connector J9900. Amplifier U985 is configured as 
a multivibrator with the time constant of R987 and C987 
determining the oscillation period. When the output of the 
multivibrator is at the positive supply voltage, CR988 is for- 
ward biased. This reverse biases CR989 and the PROBE 
ADJUST connector signal is held at ground potential by 
R990. When the multivibrator output switches states and is 
at the negative supply voltage, CR988 is reverse biased. 
Diode CR989 will now be forward biased and the circuit 
output signal be approximately -0.5 V. 
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PERFORMANCE CHECK PROCEDURE 



INTRODUCTION 



PURPOSE 

The "Performance Check Procedure" is used to verify the 
Performance Requirement statements listed in Table 1-1. It 
is the recommended acceptance check procedure for new 
instruments. 



Instrument performance should be checked after every 
2000 hours of operation or once each year, if used infre- 
quently. A more frequent interval may be necessary, if your 
instrument is subjected to harsh environments or severe us- 
age. The results of these periodic checks will determine the 
need for readjustment. 

Selected procedures may also be used as preliminary 
troubleshooting aids or to verify instrument performance af- 
ter repair or component replacement. 



STRUCTURE 

This procedure is structured into four major subsections, 
each of which can be performed independently, to permit 
checking individual portions of the instrument. At the begin- 
ning of each subsection there is an equipment-required list 
showing only the test equipment necessary for performing 
the steps in that subsection. In this list, the Item number 
that follows each piece of equipment corresponds to the 
Item number listed in Table 4-1 . 



Also at the beginning of each subsection is a list of all the 
front-panel control settings required to prepare the instru- 
ment for performing Step 1 in that subsection. Each suc- 
ceeding step within a particular subsection should then be 
performed, both in the sequence presented and in its en- 
tirety, to ensure that control-setting changes will be correct 
for ensuing steps. 



TEST EQUIPMENT 

The test equipment listed in Table 4-1 is a complete list of 
the equipment required to accomplish both the ‘'Perfor- 
mance Check Procedure" in this section and the "Adjust- 
ment Procedure” in Section 5. To assure accurate 
measurments, it is important that test equipment used for 
making these checks meet or exceed the specifications de- 
scribed in Table 4-1. When considering use of equipment 
other than that recommended, utilize the “Minimum Speci- 
fication" column to determine whether available test equip- 
ment will suffice. 



Each procedure in this section is written using the control 
and connector nomenclature imprinted on the “recom- 
mended" test equipment. When substitute equipment is 
used, control settings stated in the test setup and in the 
procedure itself may need to be altered. 



Detailed operating instructions for test equipment are not 
given in this procedure. If more operating information is re- 
quired, refer to the appropriate test-equipment instruction 
manual. 



LIMITS AND TOLERANCES 

The tolerances given in this procedure are valid for an 
instrument that is operating in and has been previously cali- 
brated in an ambient temperature between +20°C and 
+ 30°C. The instrument also must have had at least a 20- 
minute warm-up period. Refer to Table 1-1 for tolerances 
applicable to an instrument that is operating outside this 
temperature range. All tolerances specified are for the in- 
strument only and do not include test-equipment error. 
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PREPARATION FOR CHECKS 

It is not necessary to remove the instrument cover to 
accomplish any subsection in the “Performance Check Pro- 
cedure", since all checks are made using operator- 
. accessible front- and rear-panel controls and connectors. 



Test equipment items 1 through 8 in Table 4-1 are re- 
quired to accomplish the complete Performance Check 
Procedure. 



Before performing any procedure in this section, set the 
POWER switch to ON and allow a 20-minute warm-up 
period. 



The most accurate display adjustments are made with a 
stable, well-focused, low-intensity display. Unless otherwise 
noted, adjust the INTENSITY, FOCUS, and TRIGGER 
LEVEL controls as needed to view the display. 



Table 4-1 

Test Equipment Required 



Item No. and 
Description 


Minimum 

Specification 


Purpose 


Examples of Suitable 
Test Equipment 


1 . Calibration Generator 


Standard-amplitude signal 
levels: 10 mV to 50 V. 
Accuracy: ±0.3%. 

High-amplitude signal levels: 
1 V to 60 V. 

Repetition rate: 1 kHz. 

Fast-rise signal level: IV. 
Repetition rate: 1 MHz. 

Rise time: 1 ns or less. 
Flatness: ±0.5%. 


Vertical and horizontal checks 
and adjustments. 


TEKTRONIX PG 506 
Calibration Generator. 3 


2. Leveled Sine-Wave 
Generator 


Frequency: 250 kHz to above 
70 MHz. Output amplitude: 
variable from 1 0 mV to 5 V 
p-p. Output impedance: 50 ft. 
Reference frequency: 50 kHz. 
Amplitude accuracy: constant 
within 3% of reference 
frequency as output 
frequency changes. 


Vertical, horizontal, and 
triggering checks and 
adjustments. 

Display adjustment and Z- 
Axis check. 


TEKTRONIX SG 503 Leveled 
Sine-Wave Generator. 3 


3. Time-Mark Generator 


Marker outputs: 10 ns to 
0.5 s. Marker accuracy: 
±0.1%. Trigger output: 1 ms 
to 0.1 ms, time-coincident with 
markers. 


Horizontal checks and 
adjustments. 

Display adjustment. 


TEKTRONIX TG 501 Time- 
Mark Generator. 3 


4. Cable (2 required) 


Impedance: 50 ft. Length: 42 
in. Connectors: BNC. 


Signal interconnection. 


Tektronix Part Number 012- 
0057-01. 


5. Termination 
(2 required) 


Impedance: 50 ft. 
Connectors: BNC, 


Signal termination. 


Tektronix Part Number 011- 
0049-01 . 



8 Requires a TM 500-series power-module mainframe. 
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